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1 .1  Tajconomy
1 .1 .1  Definition
1 .1 .2  Description
1 .2  Nomenclature
1 .2 .1  Valid scientific najaes
1 .2 .2  Synonyms
1 j2 .3  Standai'd common names, vernacular names
1 .3  General varia'bility
1 .3«1  Subspecific fragirientation (races, varieties, 
hybrids)
1 . 3 .2  Genetic data (chromosome number, protein 
specificity)*
DISTRIBUTION
2 .1  Delimitation of the total area of distribution and 
ecological characterization of this area
2 .2  Differential distribution
2 .2 .1  Areas occupied by eggs, larvae and other junior 
stages: annual variations in these patterns, 
and seasonal variations for stages persisting 
over two or more seasons 
2 .2 *2  Areas occupied by adult stages, seasonal and 
annual variations of these
2 . 3  Behaviouristic and ecological determinants of the 
general limits of diatribution and of the variations 
of these limits and of differential distribution
BIOKCMICS AND LIFE HISTORY
3 .1  Reproduction












3 . 1 .2
3 . 1 .3
3 . 1.4
3 . 1 .5
3 . 1 .6
3 . 1 .7
3 . 1 .-
S e i a a l i t y  (h e rm ap h ro d it ism , h e t e r o s e x u a l i t y ,  
i n t e r s e x u a l i t y )
M a t u r i t y  (a^e and s i z e )
M a tin g  (monogamous, p olygam ous, p rom iscuous)  
F e r t i l i z a t i o n  ( i n t e r n a l ,  e x t e r n a l )
Peoundity
-  R e l a t i o n  o f  gonad s i z e  and egg number 
t o  "body s i z e  and t o  age
-  C o e f f i c i e n t  o f  f e c u n d i t y  
Spawning
-  Spaw n in g se aso n s  ( b e g i n n i n g ,  end, peak)
-  Number o f  spaw nings p e r  y e a r ,  f r e q u e n c y
-  Spaw nin g t im e o f  day*
“  I n d u c t i o n  o f  spaw ning, a r t i f i c i a l  f e r t i l i z a t i o n *  
Spaw n ing grounds
-  C o a s t a l  ( s u r f a c e ,  v e g e t a t i o n ,  s h o r e ,  s h o a l ,  
s a n d ,  s h e l t e r ) ;  bottom *
-  O c e a n ic  ( s u r f a c e ,  b ottom )
Egg: s t r u c t u r e ,  s i z e ,  h a t c h i n g  t y p e ,  p a r a s i t e s ,  





3 .2  L a r v a l  h i s t o r y
3 . 2 .1  A cco u n t o f  em bryonic and j u v e n i l e  l i f e  
( p r e l a r v a ,  l a r v a ,  p o s t l a x v a ,  j u v e n i l e )
-  F e e d i n g
-  R a t e s  o f :  d evelopm ent and s u r v i v a l *
-  P e r i o d s  o f :  d evelop m en t and s u r v i v a l *
-  P a r e n t a l  c a r e *
-  P a r a s i t e s  and p r e d a t o r s *
3 . 3  A d u lt  h i s t o r y
3 . 3 . 1 L o n g e v i t y 4
3 . 3 . 2 H a r d in e s s 4
3 . 3 . 3 C o m p e t i t o r s 4
3 . 3 .4 P r e d a t o r s 4
3 . 3 . 5 P a r a s i t e s  and d i s e a s e s 4
3 . 3 . 6 G r e a t e s t  s i z e 4
3 . 4  N u t r i t i o n  and ^ o w t h
3 . 4 . 1  F e e d in g  ( t i m e ,  p l a c e ,  manner, s e a so n )
3 . 4 . 2  Food ( t y p e ,  volum e)
3 . 4 . 3  R e l a t i v e  and a b s o l u t e  g ro w th  p a t t e r n s  and r a t e s *
FIb/S29 Raatrelliger iii
Pa^e n o .
3 . 4*4  R e l a t i o n  o f  groirth t o  feedin<", t o  o th e r
a c t i v i t i e s ,  and to  e n v iro n m e n ta l  f a c t o r s *
3« 5 B ehaviour
3*5-1 M ig r a t io n  and l o c a l  movements 
3 . 5*2 Sc lioo lin f;
3 . 5 .3  R e p r o d u c t iv e  h a b i t s
POPULATION ( s t o c k )
4 . 1  S t r u c t u r e
4 . 1 . 1  Sex r a t i o
4 . 1 . 2  Age c o m p o sitio n
4 . 1 . 3  S i z e  co m p o sit io n
4 .2  S i z e  and d e n s i t y
4 . 2.1  A verage s i z e
4 .2 .2  Changes i n  s i z e
4 . 2 . 3  A verage d e n s i t y *
4 .2 .4  Changes i n  d e n s it y *
4 . 3  U a t a l i t y  and r e c r u i t m e n t *
4 . 3 . 1  N a t a l i t y *
4 . 3 . 2  N a t a l i t y  r a t e s *
4 . 4  M o rta lity ^  m o rb id ity *
4 . 4 . 1  R a te s  o f  m o r t a l i t y *
4 .4 .2  F a c t o r s  or  c o n d i t io n s  a f f e c t i n g  m o r t a l i t y *
4 . 4 . 3  F a c t o r s  o r  c o n d it io n s  a f f e c t i n g  m o rb id ity *
4 .4 .4  R e l a t i o n  o f  m o rb id ity  t o  m o r t a l i t y  r a t e s *
4 . 5  Dynamics o f  p o p u la t io n *
4 . 6  R e l a t io n  o f  p o p u la t io n  t o  oommunity and ecosystem^ 
b i o l o g i c a l  p r o d u c t io n ,  e t c .*
EXPLOITATION













coas t  o f  S um atr a .
Jap an
N e i g h b o u r h o o d  of the Ryukyu I s l a n d s .
Phi  l i p p i n e s
The p r i n c i p a l  f i s h i n g  areas  of young 
nnd a d u l t  R, k anngurt  a a r e :  ea s ter n  and 
n o r t h w e s t  Palawa n  and v i c i n i t i e s ;  north- 
cast  P a l a w a n ,  i n c l u d i n g  Cuyo group ;  
s o u t h e r n  Zamboanga and S u l u  A r c h i p e l a g o ;  
\ i s a y a n  S e a ,  and of R. b r a c h y s o m a : Mani la  
Bay ,  Ragay C u l f ,  Southwest  S a m a r , Hstan- 
c i a ,  I l o i l o ,  G ig a n te s  and Ba nt aya n  I s l a n d s ,  
n o r t h e r n  N e g r o s ,  Malampaya Sound and v i c i ­
n i t y ;  P a n ta o  and M a l a k b a l a ,  Albay P r o v i n c e ;  
M e r c e d e s ,  Cam arines  N o r t e .
5 . 2 . 3  Depth ranges
M a c k e r e l  f i s h e r y  is  u s u a l l y  con f in e d  
to i n s h o r e  water s  but  f i s h  have been r e ­
co rded in  the trawl  c a t c h e s  o f f  Bombay and 
S a u r a s h t r a  c o a s t s ,  in November  and Decem­
be r  d u r i n g  the 1961-1962  s e a s o n .  A s u r ­
vey b y R . V .  VARUNA in the M a ngalo r e- C a1i - 
cut zone in February  1962 r e v e a l e d  traces  
of  s h o a l s  in waters  up to 20 m depth but 
not  b e y o n d .
G e n e r a l l y ,  the changes  in  depth at 
which  m acke re l  are caught  depend on the 
nat u r e  of  c o a s t l i n e ,  the t ime or season 
of f i s h i n g  and the type of  n et  oper ate d ,
The depth may vary  from 2 to  12 fathoms 
nr even more .  Mack er el  were  caught  in 
even d e e p e r  waters  o f f  Por b a n d a r  in  trawl  
o p e r a t i o n .  Along the  Ka n ar a  and Konkan 
coast  up to R a t n a g i r i ,  where  the bottom 
of i n s h o r e  waters  is  sandy or  muddy,  the 
shore-sein e-Rampan n et  i s  o p er ate d  in 
2-4 fatho ms  or w i t h i n  a ran ge  of a mile 
and a h a ] f .  D u r in g  the  r a i n y  season a 
s m a l l e r  s h o r e - s e in e  is o p e r a te d  in one 
or two f a t h o m s .  G i l l  n e t s  and  boat- 
s e i n e s  on the  Mala b ar  coa st  in p a r t i c u ­
l a r ,  a r e  not u s u a l l y  o p e r a t e d  so close 
to the  s hore  or in s h a l l o w  w a t e r s .
5 . 3  F i s h i n g  s ea sons
5 . 3 . 1  Ge n er a l  p a t t e r n  of 
f i s h i n g  seas on
The m acke re l  seas on  de pends  on the 
c o n c e n t r a t i o n  o f  s h o a l s  in  i ns hor e  waters  
where  t h e y  are i n t e r c e p t e d  and caug ht .
5 . 3 . 2  D u r a t io n  o f  f i s h i n g  
season
Chidambaram  and Ven katara man  ( 1 9 4 6 )  
s t a t e  t h a t  the I n d i a n  m ac k e r e l  f i s h e r y  on
the  west  coast  of  I n d i a  ext ends  from S e p ­
tem ber  to  A p r i l ,  p r i o r  to  the o u t b r e a k  of 
the  southwest  monsoon.  At Karwar  and 
a lo n g  the Kanara  coa st  as i n d i c a t e d  by 
Pradhan ( 1 9 5 6 )  it  is  from Oct obe r  to 
Feb ru ar y  and may,  at t im es ,  e x te nd  to 
March .  The m ackerel  sh oals  s u b s e q u e n t l y  
b r e a k  up ,  r e s u l t i n g  in  poor ca tch es  in 
A p r i l ,  and p r a c t i c a l l y  d i s a p p e a r  from the  
s hor es  of Karwar  d u r i n g  May.  In the 
r a i n y  s e a s o n ,  June  to  end of  S e p t e m b e r ,  
they  are o c c a s i o n a l l y  caught  in small 
numbers in ins hor e  water s  w i t h i n  a rnnpe 
o f  about h a l f  a m ile  from the s h o r e .
Thus  the du rat ion  of  f i s h i n g  season  may 
vary  from coast  to c o a s t .  On the ' ’pln- 
b a r  c o a s t ,  it  may be 5-7 months and on 
the  Kanara and Konkan coast  up to Rntna- 
g i r i  4-6 months.
5 . 3 . 3  Dates  o f  b e g i n n i n g  
and en d  of season
In d ia
pen k
On the Ma labar  c o a s t ,  the season  b e ­
g i n s  in August-S ep tem be r ,  with a peak in 
November-December and ends in Fe b ru ar y  or 
March .  On the Kan ara  and Konkan c o a s t s ,  
i t  may be gin  some time in O ctobe r  w i t h  n 
peak  in November-December,  c l o s i n g  afirup- 
t l y  in Febru ar y-Marc h. A s eco n d ary  peak 
o f  a short  du r a t io n  was noted towards  tlic 
end  o f  the s e a s o n ,  February-March on the 
wes t  co ast ,
Cambodia
As i n d i c a t e d  by  Durand ( 1 9 4 9 )  the 
m ackerel  appears  on the  coa st  towards  
the end of  October  in the n e i g h b o u r h o o d  
of  the  Bay of Kampong-Som; a month I n t e r  
n e a r  Cone I s l a n d  and K a s k a p i k .  it r e ­
mains  there u n t i l  F e b r u a r y ,  a p e r i o d  whcTi 
the  females  are r ip e  and ready to spa'..T,,
Phi l i p p i n e s  
See T ables  V I I  and  V I I I ,
C e y 1 on
Large  s hoals  of  k a n a g u r t a  n o r n n l l v  
o c c u r  on the west  coas t  ot C e y 1 on where  
t hey  are caught in c o n s i d e r a b l e  numbers  in 
t h e b e a c h  s ei ne  in the  November- Feb rua rv 
p e r i o d ,  and on the  e a s t  coast  almost 
t h r ou ghou t  the y e a r ,  w i t h  peaks  in  Sentem- 
b e r  and D ec em b er - A p r i1.  Catch es  o f  the 
i n s h o r e  s p e c i e s  are h i g h e s t  on the  south 
c o a s t  in  the  De cem ber-February p e r i o d .
Fib/529 Rastrelliger
Table VII
P r i n c i p a l  f i s h i n g  areas and s ea sons  of  the 
young and adult  "h a s a - h a s a "  ( R .  brachysoma)  
(P h i  1i p p i n e s )




M a n i l a  Bay Throu ghou t  the year ’^ay to December
Ragay Gul f March to September December  to  Mny
S o u th w e s te r n  Samar November  to  .January Feb ru ar y  to ‘^ay
E s t a n c i  a I lo i l o March to  June May to October
C i g a n t e s  and Bantayan I s lan d s March to  May A p r i l  to October
N o r t h e r n  Negros May to  June June to August
Malampaya Sound and v i c i n i t y A p r i l  t o  May May to September
P a n ta o  and M a l ak b al a ,  
A lb ay  Province Apri  1 O c t o b e r  to '•i.-y
M e r c e d e s ,  Camarines  Norte 'lay to Septeriber
Table V I I I
P r i n c i p a l  f i s h i n g  areas  and s ea sons  of th- 
a d u lt  "alaniahan"  CR« k a n a g u r t a ) 
( P h i l i p p i n e s )
F i s h i n g  areas F i s h i n g  sea son
E a s t e r n  and n o r t h w e s t e r n  Palawan and v i c i n i t i e s  
N o r t h e a s t e r n  P a l a w a n ,  i n c l u d i n g  Cuyo group 
S o u t h e r n  Zamboanga and Sul u  A r c h i p e l a g o  
V i s a y a n  .Sea
December  t o  June 
Apri 1 to Novem’^ er 
December  t o  May 
Ap r i l  to O ctobe r
Page no»
5«1.1 Fishing gear 5*1
5. 1.2 Pishing boats 1
5.2 Fishing areas 1
5. 2.1 General geographic distrihution 1 
5*2.2 Geographical ranges (latitudes^ distances
from coast, etc.)*
5. 2.3 Depth ranges 4
5*3 Fishing seasons 4
5 . 3.1 General pattern of fishing season 4 
5*3.2 Ihiration of fishing season 4 
5•3*3 Dates of heginning, peak and end of season 4 
5*3.4 Variation in time or duration of fishing season 6 
5 . 3*5 Factors affecting fishing season 6
5.4 Fishing operations and results 6
5*4.1 Effort and intensity*
5-4.2 Selectivity*
5 .4.3  Catches 6
5.5 Fisheries management and regulations'*
5.6 Fish farmingj transplanting and other intervention*
6  H £ FS R S N  c s s  6 • 1
i y  ? r b /S 2 9  H a s tr e lllg e r
*Aa no information vas available to the author, these items are not 
listed in the text.
F I b / S 2 9  R a s t r e l l i g e r 1 :1
1 IDEN TI TY
1 . 1  Taxonomy
1 . 1 . 1  D e f i n i  tion
Phylum V e r t e b r a t a  
Subphylum C r a n i a t a  
S u p e r c l a s s  Cnath ostom ata  
S e r i e s  P i s c e s  
C l a s s  Te le o s to m i
S u b c l a s s  A c t i n o p t e r y g i i  
O r d e r  P e rc i fo r m e s  
S u b o r d e r  S com b roide i  
S u p e r f a m i l y  S co mb ro idae  
F a m i ly  Scomb rida e  
Gen us  R a s t r e 1 1 i g e r  
Jo rd an ~ an d  s t a r K s  190 8 
S p e c i e s : R a s t r e l l i g e r  
k a n a g u r t a  CC uvier}  T s 17;  
K a s t r e i T i g e r  brach ysoma  
I T I e 'ek'trJ --- ----
Jord an  and tiubbs ( 1925 )  p l a c e  the 
genus R a s t r e 1 l i ^ e r  un de r  a s e p a r a t e  sub- 
f  ami ly~ R a s t r e i T i g e  r in a e  w h i l e  t hey  i n ­
clude  only S co mber  and Pn eumatophorus  
u n de r  the s u b f a m i l y  S c o m b r i n a e ,
1 . 1 . 2  D e s c r i p t i o n
- Genus  R a s t r e 1 l i g e r  
J o r d a n  and JitarKs 
1908 P r o c ,  U . S , N a t .
M u s , I 5TT7™[Type: 
Scomber  k anag urt  a 
C u v i e r  1 8 1 / J
The genus  R a s t r e l l i g e r  i s  d e s ­
c r i b e d  by Jo n e s  and  S i l a s  ( l y 6 4 a )  as 
f o l l o w s :  " B o d y  c om pres sed  from s i d e  to 
s i d e ;  body and c h e e k  cov er ed  w i t h  s m al l  
s c a l e s ,  eyes  w i t h  w e l l  d e v e l o p e d  a d i p o s e  
e y e l i d ,  mouth l a r g e ,  m a x i l l a r y  r e a c h i n g  
n e a r l y  v e r t i c a l  b e l o w  p o s t e r i o r  ed ge  of 
e y e ;  t e e th  s m a l l ,  p r e s e n t  in j a w s ;  
vomer and p a l a t i n e  e d e n t u l o u s ;  g i l l  
r ak e r s  l o n g ,  n um e rou s  and f e a t h e r - l i k e  
and v i s i b l e  when mouth is  open ed .  Sp in o u s  
f i r s t  d o r s a l  and s o f t  rayed  s e c o n d  d o r ­
s a l  s e p a r a t e d  by d i s t a n c e  e q u a l l i n g  
length of b a s e  o f  f o r m e r ;  anal  d e v o i d  of 
s p i n e s ;  f i v e  or s i x  d o r s a l  and anal  f in- 
lets  ; p e c t o r a l s  s h o r t  w i t n  b r o ad  b a s e ;  
p e l v i c s  w ith  s p i n e  and 5 r a y s ;  c a u d a l  
d e e p ly  f o r k e d " .
D i s t r i b u t i o n :  T r o p i c a l  I n d i a n  
and  West  P a c i f i c  O ce ans  from the  e a s t  
c o a s t  of South A f r i c a  to N or th  A u s t ­
r a l i a  and as f a r  as M i c r o n e s i a n  and 
P o l y n e s i a n  I s l a n d s ,
1 , 2  N om e nclatur e
1 . 2 . 1  V a l i d  s c i e n t i f i c  names
De B e a u f o r t  ( 1 9 5 1 )  l i s t s  three  
s p e c i e s  o f  R a s t r e l l i g e r  b u t  J o n e s  and 
S i l a s  ( 1 9 6 4 T ]  F ? 5 4 b ) r e c o g n i s e  only 
two s p e c i e s  v i z . ,  k a n a g u r t a  ( C u v i e r )  
1817  and R.  brachy soma ( .B le eke r)  1851 
w he re as  tFe  t h i r d  s p e c i e s  v i z . ,  R. 
n e e l e c t u s  f o r  reaso ns  s t a t e d  in  Jone s  
ana b i i a s  ( 1 9 6 4 b )  is  r e l e g a t e d  as a 
synonym o f  R ,  b r a c h y s o m a . They  give  
the f o l l o w i n g  d i s t i n g u i s h i n g  c h a r a c te r s  
f o r  the two s p e c i e s .
L e n g th  o f  head  d i s t i n c t l y  g r e a t e r  
than dept h of  b o d y ;  l a t t e r  23  p e r c e n t  to 
27 p e r c e n t  in  fork  l e n g t h ;  snou t  p o i n t e d ;  
dark  s t r i p e s  or  rows o f  dusky  spots  along 
up per  h a l f  of  b o d y ;  ou t e r  m ar gin  of f i r s t  
do r s a l  d u s k y .
R a s t r e 1 l i g e r  k a n a g u r t a  ( C u v i e r )
L en g th  o f  head  d i s t i n c t l y  s h o r t e r  
than de pth  o f  b o d y ;  l a t t e r  2 8 , 5  p e r cen t  
to about  34  p e r c e n t  in fo r k  l e n g t h ;  snout 
short  and b l u n t l y  r o u n d e d ;  no  dark  s t r i p e s  
or r e g u l a r  rows o f  dusky s p o t s  a long  upper  
h a l f  o f  b o d y ;  o u t e r  margin  o f  f i r s t  dorsal  
b l a c k ,
R a s t r e l l i g e r  brach ysoma  ( B l e e k e r )  
r P i g .  IbJ
For  d i f f e r e n c e s  in  g i l l  r a k e r s  see 
F i g ,  2a and 2b and for  m o r p h o n e t r ic  v a r i a ­
ti ons  see F i g .  3 .
1 . 2 . 2  Synonyms
R a s t r e l l i g e r  k a n a g u r t a  ( C u v i e r )  1817
Scom b er  ka n a g u r t a  C u v i e r  1817  
S com b er  can ag u r ta  C u v i e r  1829  
bcombe r  k a n a g u r f a  C u v i e r  and V a l e n ­
c i e n n e s  i  1
S com b er  chrysosoma R i i p p e H  1835 
bco mbe r  m i c r o l e p i d o t u s  R u p p e l l  18  3 5 
S co mber  m o lu cce n s is  B l e e k e r  1856 
S com b er  r e a m  Day 1870  
b c o m b e f  lep turus  A g a s s i z  1874  
K a s t r e  l l i g e r  b'rachysomus ( n e c ,  
B l e e k e r )  Jo r d a n  and D i c k e r s o n  190 8 
R a s t r e 1 l i g e r  k a n a g u r t a  J o r d a n  and 
S t a r k s  191 7
R a s t r e l l i g e r  c hr ys ozon us  K i s h in o u y e
m i  — ^-------------------
R a s t r e l  l i g e r  s e r v e n t y i  W h i t e l y  1944
R a s t r e l l i g e r  br ach yso m a  ( B l e e k e r )
T O l  ' ^----------- -------
I i 2
FIb/S29 Eastrelli^er
Figure la . RaBtrelliis;er kana^xirta (Cuvier) 
from the West Coast of India
FXb/S29 Kastrelliger l a
Figure lb,  R a stre 1 liger  brachysoma (Bleeker) from
Andamans (Repi^duced t"rom Jones and S i la s  1964b)
i n I ' lb/S^9
F i g u r e  2 a .  R a s t r e i l i g e r  k a n a g u r t a  ( C u v i e r ) ;  (A )  Mouth o f  2 6 . 8  cm 
specinien  Rept  open to  show the  r e l a t i v e l y  l e s s  e x p o s e d  
g i l l  r a k e r s .  (B)  Part  o f  l o n g e s t  g i l l  r a k e r  on the 
l o w e r  limb o f  the o u t e r  g i l l  arch of  the  same s how in g  
the  d e n s e  p i g m e n t a t i o n  a n d  the  r e l a t i v e l y  s h o r t e r  s imple  
b r a n c h e s .  ( R e p r o d u c e d  fr om  J o n e s  and  S i l a s  1 9 6 4 b )
FIb/S29 Rastrelliger 111
F i g u r e  2b R f l s t r e l l i e e r  brachysonia ( B l e e k e r ) :  (C)  Mouth o f  2 1 . 3  cm 
s pe c im e n  k e p t  open to  show t h e  long f e a t h e r - l i k e  e x p o s e d  
g i l l  r a k e r s .  CD) Part  o f  t h e  l o n g e s t  g i l l  r a k e r  o f  the  
same s p e c i e s  s howin g the  s p a r s e  p i g m e n t a t i o n  a n d  the  re*  
l a t i v e l y  l on ger  s imple  b r a n c h e s .  ( R e p r o d u c e d  from  Jone s  
and S i l a s  1 9 6 4 b )
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1 KasT.rej i i p e r  .1 . 7
Scomber  brachysoma B l e e k e r  1851 
bc om be r  n e g l e c t u s  Van Kampen 1907 
K a s t r e i l i g e r  bracny som us  Barn ard  
l ^ 'U
1 . 2 , 3  S t a n d a r d  common names,  
v e r n a c u l a r  names
Tabl e  I 
ComiTon names
Count ry R. brach ysoma R, kanag urt  a
Language  or  V e r n a c u l ar Lan gu ag e or V e r n a c u l a r
D i a l e c t  Name D ia  lect Name
Cambodia Ca bao ma Ca b a c  ma,  Ca be
Pl athu l a u ,  Trey  kamong,
Ca nung  nuc
I n d o n e s i a Kembung Ke mbung ,  B a n j a r ,
perempuan K e mbu ng 1 e 1 ak i
Phi i i p p i n e s Sh o rt- b o d ied S t r i p e d  m ac k c r e l ,
mackerel Chub nac ke re l
Chub m ackere l
T a g a lo g  Kabalyas T a g a lo g A l u m a h a n ,  I.ui:iahan
B ik o l  Aguma -a Bik ol B u r a u
Kaba lyas Kuyano and
Kuyano and T a p b a n w a S a l i n b u r a w
Tagbanwa Luman I 1 ok an 0 Bun at an
Pampango Asa-asa P an as i n an Kabaly as
V is a y a n  Aguma-a \'isayan Banton B u y a w
V is a y a n  Banton  Hasa-hasa I 1 ok ano at a an
T a g a l o g  Hasa-hasa
Linch ay Hasa-h asa
(Immature) Mataan
M a s a n g i ,
Tulay
Burma I n d i a n  mackerel
Ceylon I n d i a n  m a c k e r e 1
S i n h a l e s e K u m b a l a v a , Maha
k a r a  b o l l a
T ami 1 Ai la i  , Karung
k u l u t t a n ^  kumbala
Ma lays i a K u a 1 a m u d a , Kedah ,
( S t a t e s  of Kembong
Malaya )
(Sin ' ^ano re) Kembong Kenbonj'
I n d i a I n d i a n  m ackerel
C a n ar e s e B a n g a d a
M a r a t h i K a u l a  g e dar
Malay alam Ay i la
S i n d h i O i b i a  geda r
1 :8 F I b / S 2 9  R a s t r e l l i p e r
T a b l e  1 ( c o n t d )
C ount ry R .
L an" Ua  pe 




Ve rn a c'i 1 ar 
N atne
R. k a n a g u r t a  
Language  or V e r n a c u l ar  
D i a l c c t  Name
I n d i a  (contci) Tani  1 
Te lu^u
A i l a i ,  Kun l a ,  
Ka n an p elu th i  
Kanaf^urta,  Kanian- 
cadaclialn ,  Kannan- 
ead ath a ,  Valijiramu
K a ran K i t a
Japan Gur uk unm uc hj i  , 
N a h a ,  Api f urak iy  a
S a u d i  Ar abia B a p, h a
T h a i l a n d Pin - tliu, Tu
1 i a Mij 
K i sm 
Baj
B a r h a 
Bure i
rarmu,  N'una
P a k i s t a n  West Surmai
r i h / 5 3 9  Ras t re ] J 3 f;er_______ __________________________________________________________________ _______  1 : 9
1 : 3  Ge n er al  v a r i a b i l i t y
1 . 5 . 1  S u b s p e c i f i c  f r a g m e n ­
t a t i o n  ( r a c e S j  v a r i e ­
t i e s ,  h y b r i d s )
R a c i a l  s t u d i e s  on R a s t r e l l i g e r  
have  b e e n  made in the P h i l i p p i n e s  and 
I n d i a  but  have  not r e s u l t e d  in  any t a n ­
g i b l e  c o n c l u s i o n s .  A c r i t i c a l  study  of  
R, k a n a g u r t a  and R,  br a c h y so m a  of A n d a ­
man "“s e l T D y ^ o n e  s and las (T-y64b) is 
p e r h a p s  the  most s i g n i f i c a n t  c o n t r i b u '  
t i o n  in  t h i s  l ine  and m ig ht  serve  as a 
p r e l i m i n n r y  lea d  for  the  t axon om ic  
s t u d i e s  on t h i s  ge nu s .

Plb/S29 Raatrelligor 2j1
2 D I S T R IB U T IO N
2 . 1  D e l i m i t a t i o n  o f  the  total  
a re a  ot d i s t r i b u t i o n  an?~ 
e c o r o g i c a l  c h a r a c t e r i z a T i o n  
ot t h i s  a re a
R,  brach ysoma  - T r o p i c a l  Indo- 
P a c i f i c
- I n d i a n  O c e a n :  O c c a s i o n a l l y  
foun d in  w a t e r s  of South A f r i c a ,  around 
D u r b a n ;  Andaman I s l a n d s .
- C e n t r a l  I n d o - P a c i f i c : M alay s ia  
( F e d e r a t i o n  of M a l a y a ,  S i n g a p o r e ,  S a r a ­
wak and S a b a h ) ;  T h a i l a n d ;  P h i l i p p i n e s ;  
I n d o n e s i a ;  New G u i n e a ;  F i j i  and Solomon 
Is 1ands  .
R .  k a n a g u r t a  - T r o p i c a l  Indo- 
P a c i f i c
- I n d i a n  O c e a n ;  P e r s i a n  G u l f ;  
S o m a l i a ;  S e y c h e l l e  I s l a n d s ;  Mozambique 
in  D e l a g o a  Bay ;  Coast  of  S outh  A f r i c a  
arou nd  D u r b a n ;  P a k i s t a n ;  c o a s t s  o f  I n d i a ,  
Andannn nnd N ic o b a r  I s l a n d s ;  C e y l o n ;  Burma
- C e n t r a l  I n d o - P a c i f i c : M a lay s ia  
( F e d e r a t i o n  of M a l a y a ,  S i n g a p o r e ,  S a r a ­
wak and S a b a h ) ;  T h a i l a n d ;  Ca m bodia ;  
P h i l i p p i n e s ;  I n d o n e s i a ;  A u s t r a l i a  along 
the c o a s t  of  Q u e e n s l a n d ;  New G u i n e a ;  
w i d e l y  d i s t r i b u t e d  in M e l a n e s i a ,  M i c r o ­
n e s i a  and  P o l y n e s i a  a re a  and  r epor ted  
from the i s l a n d s  of B o u g a i n v i  1 l e , S o lo m o n , 
New H e b r i d e s ,  F i j i ,  Samoa and  o t h e r s ;  
coa st  o f  P e o p l e s  R e p u b l ic  o f  C h i n a ,  T a i ­
w an,  Hong K o n g ,  Ryukyu I s l a n d s  and 
H a w a i i a n  I s l a n d s ,
2 . 2  D i f f e r e n t i a l  d i s t r i b u t i o n
2 , 2 , 1  Areas  o c c u p i e d  by  e g g s ,  
la rv a e  and  ot h e r  j u n i o r  
s t a g e s :  ann ual  v a r i a ­
t io n s  in  th e s e  p a t t e r n s ,  
and s e a s o n a l  v a r i a t i o n s  
f o r  s t a g e s  p e r s i s t i n g  
over  two or more s ea sons
■ E g g s :
I n f o r m a t i o n  a v a i l a b l e  on the eggs 
and t h e i r  d i s t r i b u t i o n  is  v e r y  fragme n­
tary  and h a r d l y  c o n f i r m a t o r y .  T h e y ,  as 
in  ot h e r  s c o m b r o i d s ,  s h o u l d  be p e l a g i c  
and the  s p e c i e s ,  not b e i n g  o c e a n i c ,  
s p a w n in g  s h o u l d  t ake  p l a c e  in  waters  
w i t h i n  the  c o n t i n e n t a l  s h e l f .  The 
e a r l i e s t  r e f e r e n c e  to eg gs  o f  Ras tre  1- 
l i g e r  k a n a g u r t a  is by  Delsman t 
from t h e ~ J a v a  S e a ,  but  s u b s e q u e n t l y ,  
he e x p r e s s e d  doubt s  (D e lsm an  1931 )  on
t h e i r  i d e n t i t y  and  s u g g e s t e d  that  they 
c o u l d  b e l o n g  to  Thun nu s  th un nina  
( Eu thy nn us  a f f i n i s ) .
It has  be en  r e c o r d e d  in the A d m i n i ­
s t r a t i v e  Report  of  the  Madras  F i s h e r i e s  
Department  ( 1 9 3 7 )  t h a t  eggs  s u s p e c t e d  to  
be  t h o s e  o f  m ackere l  wer e  o b t a in e d  from 
p l a n k t o n  c o l l e c t e d  o f f  West  H i l l ,  C a l i ­
c u t .  Devane san  and J ohn  ( 1 9 4 0 )  r ec orded  
the  c o l l e c t i o n  of  405  eggs  in  d i f f e r e n t  
s t a g e s  o f  de velopment  on 5 Ju n e  1 9 3 7 ,  
f i v e  m ile s  from the s h o r e  o f f  C h a l iy am ,  
south  of  C a l i c u t  on t h e  west  coast  of 
I n d i a .
B a l a k r i s h n a n  ( 1 9 5 7 )  says  that 
" H a u l s  made in the  18 - 25 fathom area  
o f f  V i z h in g a m  d u r i n g  a l l  the months 
from March to May showed a few eggs o f
0 ,  84 - 1 , 0 0 9  mm d i a m e t e r  which  iare t e n ­
t a t i v e l y  a s s i g n e d  to  m a c k e r e l " .  No 
f i g u r e s  or d e s c r i p t i o n  o f  eggs  are 
a v a i  lab le.
- L a r v a e :
Ku th al in gam  ( 1 9 5 6 )  r e f e r s  to the
c o l l e c t i o n  of  p o s t l a r v a e  m ea su ri ng  5 mm 
to 6 mm which  " r e s e m b l e d  the j u v e n i l e s
in  g e n e r a l  form and were  c o l l e c te d
m a i n l y  from the p l a n k t o n  samples  brought  
to  the  l a b o r a t o r y " .  No  f i g u r e s  or d e s ­
c r i p t i o n s  are a v a i l a b l e .
The only r e f e r e n c e  to  the  very 
e a r l y  la rvae  o f  the  I n d i a n  mackerel  is 
t he  f o l l o w i n g  s ta tem en t  of  t h e i r  o c c u r ­
r e n c e  o f f  V i z h in g a m  on the Ke ra la  c o a s t ,  
" P l a n k t o n  h a u l s  made on 23 May 1956  on 
the  spot  where  the  f i s h e r m e n  were e n ­
g a g e d  in  f i s h i n g  showed p r e l a r v a e  m e a s u r i n g
2 , 8  mm and 5 m m " ( B a l a k r i s h n a n  1 9 5 7 ) .  How­
e v e r ,  no f i g u r e s  or  d e s c r i p t i o n s  are  g i v e n .  
It may be s t a t e d  here  t h a t  5 mm appears  to  
be too  la rg e  a s i z e  t o  be p r e l a r v a .
- J u v e n i l e s :
For o c c u r r e n c e  and d i s t r i b u t i o n  of  
j u v e n i l e s  see T a b l e  2 ,
The r e c o r d s  o f  j u v e n i l e s  h i t h e r t o  
ha ve  been from c o a s t a l  wa t e r s  caught  in 
s h o r e  s e i n e s  a lo n g  w i t h  o th e r  f i s h e s .
O f t e n  commercial  c a t c h e s  of  m ackere l  are 





















































































FIb/S29 Rastrelliger 2 :3
Table  II  
Occ u rr e nce  of  J u v e n i l e s
L o c a ] ity
I n d i  f) - West  Coast
R a t n a g i r i  
Karw ar 
Manga 1 ore 
C a 1i cut
C o c h i n /R r n a k u l a m  
Vi zh ingam
Auth or
Geor ge  and A n n i g i r i  1960 
P r adhan  1956 
Rao 1964
N’adr as  F i s h e r i e s  A d m i n i s t r a t i v e  
R e p o r t ,  1 9 4 0 ,  B h im a c h a r  and 
H e o r g e ,  1 9 5 2 ,  Q u a r t e r l y  S c i e n ­
t i f i c  Reports  o f  the Ce ntr al  
M a r i n e  F i s h e r i e s  Re s e a r c h  In s t i  
t u t e ,  June-Uecember  1961  
Rao 1964
B al ak r i sunajj 1 9 5 7 ,  Jone s  and 
Kurnaran 1964
- East  Coast
M a d r a s
L a w s o n ' s  Bay
V i sakha patn  am
Andaman Sea  n e a r  
Port  B l a i r
Ce\'lon - South Coast
Rao and B a s h e e r u d d in  1 9 5 3 ,
K u th a l in g a m  1 9 5 6 ,  B a s h e e r u d d in  
and  N aya r  1962 
S a t y a n a r a y a n a  as c i t e d  by  Rao 1964 
Rao and B a s h e e r u d d in  1 9 5 3 ,  Rao and 
Rao 1957
Rao 1964
de Z y l v a  1956
2 . 2 . 2  Areas  o c c u p ie d  by 
adu lt  s t a g e s ,  s e a ­
sonal  and  annual  
v a r i a t i o n s  o f  these
R e c o r d s  so  far  have b e e n  from 
c o a s t a l  w a t e r s  from w i t h i n  the c o n t i n ­
e n t a l  s h e l f .  On the west  coas t  of 
I n d i a  it  is  found p r a c t i c a l l y  a l l  tlie 
v e a r  r o u n d ,  the main seas on  b e in g  from 
Au gus t  to  March .  M a ck er el  were r e c o r ­
ded in  t h e  trawl  catches  o f f  Bombay 
and S a u r a s h t r a  coasts  d u r i n g  the 1961- 
1962  s e a s o n .  Al ong the  c o a s t  of Cey ­
lon and on the  east  coas t  o f  I n d i a  it 
is caug ht  in s tr a y  n u m b e r s .  Catches  
are not h ig h  in  the Andaman Seas  but 
l i t t l e  is  known about the  f i s h e r y  r e ­
s o u r c e s  o f  t h i s  a re a  s i n c e  ther e  is
only  ve ry  r e s t r i c t e d  f i s h i n g  a c t i v i t y  
t h e r e .  Both s p e c i e s  o c c u r  a lo ng  the 
M alay an  and I n d o n e s i a n  coasts  but  R. 
k a n a g u r t a  is  do m inant .  In the PhiTip- 
p i n e s  both s p e c i e s  o c c u r  in c oas ta l  
w a t e r s  and here  a l s o  R .  kana gu rta  
app e a r s  to be do m inant ,
2 , 3  B e h a v i o u r i s t i c  and e c o l o ­
g i c a l  d e t e r m i n a n t s  otTFTe
fe n e r a l  l i m i t s  of distri "^  u t i o n  and o f  the v a r i a t i o n s  
oi th e s e  l i m i t s  and of  d i f - 
t e r e n t i a T  d i s t r i b u t i o n
H a r d e n b e r g  ( 1 9 5 5 )  s t a t e s :  
" R a s t r e l l i g e r  s p e c i e s  a r e  p e l a g i c  
moving in  s c h o o l s ,  whos e  s i z e  is 
d e te r m i n e d  p r o b a b l y  by  l o c a l  c o n d i t i o n s
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in s e a .  T h e r e  are at l e a s t  two sp e c ie s  
forms or  r a c e s ,  one an o c e a n i c  form and 
the  o t h e r  a more n e r i t i c  o n e .  How far 
the  o c e a n i c  form v e n t u r e s  out at sea  is 
not  known at p r e s e n t ,  or at l eas t  has 
not  y et  be en  p u b l i s h e d .  So  i t  is  not 
yet  c e r t a i n  whe th e r  th is  o c e a n i c  form,  
or  s p e c i e s ,  is found so f a r  away from 
the  n e a r e s t  coast  as f o r  i n s t a n c e  the 
t ru e  A t l a n t i c  m a c k e r e l .  I t  is  s t i l l  
not c e r t a i n  t h e r e f o r e  w h e t h e r  they 
occ ur  in  q u a n t i t i e s  more than  5 0 * 6 0  
n a u t i c a l  m ile s  from s h o r e ,  which  is  
about t h e  l imit  for  p r a c t i c a l  f i s h e r i e s  
in  the c o u n t r i e s  most con c e r n e d  with 
R n str e  1 l i g e r  f i s h e r i e s .
" T h e  n e r i t i c  form l i v e s  in sh all ow 
w a t e r ,  o f t e n  of  depth not more than 15 m 
at l eas t  a c c o r d i n g  to my own e x p e r i e n c e .
It is p r o b a b l e ,  h o w e v e r ,  tha t  depth is 
not the only  d e te r m in in g  f a c t o r .  Hydro- 
l o g i c a l  c o n d i t i o n s  w i l l  have  something 
to do about  it too .  The n e r i t i c  form 
seems to  p r e f e r  a muddy or  c l a y i s h  b o t ­
tom,  but  whether  th is  a lw ays  h olds  true
I cannot  s ay .  C le a r  w a t e r  o f  a s a l i n i t y  
of  more than 3 2 , 5 ^ / o o  seems to be a v o i d e d .  
So are the  v i c i n i t i e s  of  c o r a l  r e e f s .  On 
the o t h e r  hand a muddy sea  i s  avo ide d  to o .  
The ex act  degr ee  of s i l t  t u r b i d i t y  a v o i d e d  
is thus f a r  unknown.
" T h e  o ce an ic  form li v e s  in the c l e a r  
\sraters o f  the open s e a  w i t h  a s a l i n i t y  
of 3 2 ^ / o o  and more and it  seems at least  
in the J a v a  Sea  - that  a de pt h  of 20 m 
and more is p r e f e r r e d .  I ha v e  often  
found a k i n d  cf  no-mansland be tw een  the 
two f o r m s .  I n d o n e s i a n  f i s h e r m e n  often  
m a i n t a i n  that  the o c e a n i c  m acke re l  p r e ­
f e r s  a sandy  bottom.  This  i s  c e r t a i n l y  
not a lw a y s  true.'-
Ma na co p  ( 1 9 5 6 )  s t a t e s  t h a t  R, brach y '  
soma i s  e v i d e n t l y  a c o a s t a l  or ins hor e  
iorrii f e e d i n g  m ain ly  on m i c r o p l a n k t o n ,  and 
R. k a n a g u r t a  is  a p p a r e n t l y  an open sea 
Torm ana  f e e d s  m ain ly  on m ac r oplankton  
such as l a r v a l  shrimps and f i s h e s ,
P r a d h a n  ( 1 9 5 6 )  w r i t e s  that  "R ecor ds  
show t h a t  m ack ere l  can w i t h s t a n d  low 
s a l i n i t i e s  even down to  2 , 0 4 ° / o o . "
A c c o r d i n g  to  P r adhan  and  Gang adh ar  
Reddy ( 1 9 6 2 )  " i n c r e a s e  in t e m p e r a t u r e  and 
s a l i n i t y  has  be en  fo u n d  to  e f f e c t  m acke­
rel  c a t c h e s  a d v e r s e l y ,  w h e r e a s  t h e i r  low 
va lu es  e x e r t e d  a less p r o n o u n c e d  e f f e c t .  
Mackerel  appe ars  to be  more s u s c e p t i b l e  
to change s  in te m p e r a t u r e  t h a n  s a l i n i t y  
and the  t o l e r a n c e  r an ge s  o f  t h e s e  f a c ­
tors  seem to  de pe nd  on the  s i z e  of  the 
f i s h .  L ar ge  f i s h  (19-2 1  cm) a p pe ar  to
t o l e r a t e  i n c r e a s e  in tem pe rat ur e  and  s a ­
l i n i t y  whe re as  s m a l l e r  f i s h  u s u a l l y  o c c u r  
in  l a r g e  numbers from Ju n e  to September  
(at  C a l i c u t )  when low l e v e l s  of  te m pe ­
r a t u r e  and s a l i n i t y  p r e v a i l .  One of  
the  c r i t e r i a  for  a good mackerel  s e a ­
son may be the d e g r e e  o f  v a r i a t i o n  of  
te m pe r at u r e  and s a l i n i t y  s houl d  be 
w i t h i n  the  t o l e r a n c e  r an ge s  o f  th e s e  
two h y d r o g r a p h i c a l  f a c t o r s .  High pH 
may have  an add ed a d v e r s e  e f f e c t  on 
the  f i s h e r y .  P r o b a b l e  e f f e c t s  of  w ind  
f o r c e  and r a i n f a l l  on the  f l u c t u a t i o n s  
in  m acke re l  l an d in g s  at C a l i c u t  are 
a l s o  b r i e f l y  c o n s i d e r e d .
" M a c k e r e l  are known to  e n t e r  estua- 
r i n e  water s  of  K a l i  r i v e r  and ascend 
a l o n g  the t i d a l  c u r r e n t  up to  a d i s t a n c e  
o f  about  1 1 /2  m il e s  d u r i n g  A p r i l  and 
May when the  ran ge  o f  s a l i n i t y  o f  r i v e r  
w a t e r  is  be tween 2 9 . 7 3  and 3 4 . 6 ® / o o . "
Mackerel  have  a l s o  been rec or de d  in 
N e t r a v a t i  e s t u a r y  and Coch in  b a c k w a t e r s .
The s p e c i e s  of  the genus  R a s t r e l l i g e r  
i s  d i s t r i b u t e d  only  in  the  t r o p i c a l  InJo- 
w e s t - P a c i f i c  f a u n i s t i c  r e g i o n .  It does 
not  go ea s t w a r d  to  the  E a s t - P a c i f i c  
B a r r i e r .
b y :
The f a u n i s t i c  r e g i o n  is c h a r a c t e r i z e d
1. The o c c u r r e n c e  of r e e f  b u i l d i n g  
c o r a 1s ,
2 ,  The f i s h  f a u n a  of the s h e l f  of 
the r e g i o n  i s  ve ry  much r i c h e r  
in  s p e c i e s  than that  of  the  res t  
of  the  main t r o p i c a l  r e g i o n s .
O c e a n o g r a p h i c a l l y ,  the d i s t r i b u t i o n  
c o i n c i d e s  with  the I n d o - P a c i f i c  e q u a t o r i a l  
c u r r e n t  r e g i o n s .  In g e n e r a l ,  the se  r e g i o n s  
are c h a r a c t e r i z e d  by :
1.  Ilifih t em p e r n tu r e  of the s u r fac e  
w a t e r s ,  (the  d i s t ri bii t i rn rf  
K a s t r c l l i q e r  is  i n s i d e  the nrca 
^TiTre the t e n p c r a t u r e  ,it 200  i 
depth is 15®C or wliere the s u r ­
face  t e n p e r n t n r e  dres  nrt fa J i  
belou' 17®C in any s e a s o n ) .
2. Pr edominant  e a s t - w e s t e r l y  s u r ­
f a c e  c u r r e n t s ,
3 .  Medium b a s i c  o r g a n i c  p r o d u c t i o n .
4 .  R e l a t i v e l y  low d e gr ee  o f  s e a s o n a l  
v a r i a t i o n s ,
The n a t u r a l  r e g i o n s  where R a s t r e 1 l i e e r  
IS d i s t r i b u t e d  can be gr oup ed  i n t o  f o u r
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and c h a r a c t e r i z e d  on the  b a s i s  of siniila* 
r i t y .  (R o s a  3 9 6 2 )  The g e n e r a l  c h a r a c t e ­
r i s t i c s  of  the  groups  are the f o l J o w in g j
Croup I - Monsoon r eg ions  -
( 1 . 1  Ar ab ian  Sea  r e g i o n ,
1 . 2  Bay of  Bengal  r e g i o n ,
4 , 7 . 1  South Ch in a  Sea  with 
Malayan A r c h i p e l a g o )
K  R e l a t i v e l y  large c o n t i n e n t a l  
s h e l f .
2 . ' ’ ' ' r ' s o c n  w i n d s ,
3,  ''iedium to high  p r e c i p i t a t i o n  
and r u n o f f ,
-I. S u r f a c e  ten ;peratures  of 20- 30 °C .
5 .  .Surface  c u r r e n ts  c h a n g i n g  with
trie charge  of monsoons .
0 . Scp .sonal v a r i a t i o n s ;  medium,
7.  '.-.osic Qvgar.ic p r o d u c t i o n ;  
me di tim to ] ow.
Group I I  - E q u a t o r i a l  cu rr en t  reg ions  
North and S o u tK
( 1 . 3  Ind ia n  Ocean  North tiquato- 
i i a i  C u rr e n t  re£ion
4 P a c i f i c  Nort h  E q u a t o r i a l  
r e g io n ,
K S  I nd ian  S outh  E q u a t o r ia l  
Current r e g io n
4 . 9  P a c i f i c  So ut h E q u a t o r i a l  
current  r e g i o n )
1 .  Very  sfnaH c o n t i n e n t a l  s h e l v e s ;
liiainly deep o c e a n i c  a r e a s .
2 .  Tracie winds  ( e x c e p t  in 1 . 3  \\'hich 
is i n f l u e n c e d  hy mo ns oon s ) .
3 .  Medium p r e c i p i t a t i o n ,  low r u n o f f ,
4 .  S u r face  t e m p e r atu r e s  25 •• 28'^C.
5 .  E a s t e r l y  s u r f a c e  c u r r e n ts .
6 .  Low degree of s e a s o n a l  v a r i a t i o n s .
7 .  Low or g a n ic  prod\icticn.
P r e s e n c e  o f  s u b s u r f a c e  O 2 m i n i ­
mum l a y e r .
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3 Rin.\’()MICS AND I.IFU illSTORY
3 . 1  Rep roduct  ion
3 . 1 . 1  S e x u a l i t y  (h e r m a p h r o d i ­
t i s m ,  h e t e r o s e x u a l i t y ,  
inte  rsexiia 1 i ty)
H e t e r o s e x u a l .  I n s t a n c e s  of herma- 
o h r o d i t i s m  r e c o r d e d  in In d ia n  mackere]  
c W a b h u  and Antony  Raja  1 9 5 9 ,  and 
Thomas and R a i u  1 9 b 4 ) ,
5 . 1 . 2  > 'aturity (af.e and s i z e )
The p i n i m u n  s i z e  at m a t u r i t y  in 
I n d ia  has b e e n  found to he 20 cm by 
Ch i danli aram and Venkataraman ( 194 6 )  and
2 2 . 4  cm. hy Pr adhan  ( 1 9 5 6 ) .  The f ish  is 
known tr  a t t a i n  a length of  19 - 21 cm 
nt the end of  the second y e a r .  It is 
p o s s i b l e  to  d i s t i n g u i s h  sex  in f i s h  
about 12 cr t o t a l  l en gt h .
It has  be en  i n d i c a t e d  that  there  is 
n d e c r e a s e  in  the  rate  of growth a f t e r  a 
c e r t a i n  le n gth  ( s t a n d a r d )  lias be en  reached 
and it has b e e n  s u g g e s te d  that  the  point  
of i n f l e x i o n  on the growth curve  i n d i c a t e s  
the length  at which  full  m a t u r i t y  is 
at t a ine d .
't C a l i c u t  in the 1 95 5- 195 6  season 
44 p e r c e n t  o f  the spawncrs  b e l o n g e d  to 
23 cn s i z e  g r oup  and an o th e r  27 percent  
composed of 24  cm s i z e  group .  At Karwar 
male s pe c im e n s  were in oo z in g  c o n d i t i o n  
in J u ly  and fe m a l e s  in stages  V and VI 
(s e e  T a b l e s  I I I  and I V ) .  D u r i n g  the 
1 95 6- 195 7  s e a s o n  j u v e n i l e  m ack ere l  were 
e n c o u n t e r e d  at W a l t a i r  in a l l  months 
except  F e b r u a r y  195 7 .  /'t V i z h in g a m  the 
spawn er s  wer e  in the s i z e  24 - 27  cm.
In the  1 9 5 7 - 1 9 5 8  season s ta g e s  I V ,  V and
VI were r e c o r d e d  at Karwar  d u r i n g  Ju ly  - 
A u g u s t .  D u r i n g  January-March p e r i o d  
large  m a c k e r e l  about 25 cm in p a r t i a l l y  
s p e n t ,  spent  and r e c o v e r i n g  s ta g e s  were 
recorcled at >'angalore ( N e t r a v a t i  e s t u a r y ) .  
At V i z h i n g a m  fe m ales  with  the ovary in 
"p lurn-puddin g "  s ta ge  were c o l l e c t e d  on 
27 and 2S May.  Males  o o z i n g  m i l t  under  
p r e s s u r e  were  a l s o  r e c o r d e d .  nbserva- 
t in n s  at K a r w a r  d u r i n g  the 1958- 19'^9 
season  i n d i c a t e  that  one s p a w n in g  p er iod  
is l i k e l y  from May or .June to Ja n u a r y  or 
r-ebruary, w i t h  a rat he r  short  time i n t e r ­
val  in the r i p e n i n g  of s u c c e s s i v e  hatches  
of ova .  At K ar w ar  d u r i n g  the 1959-1960  
season  the  m a j o r i t y  of f i s h  above 22 cm 
were in spent  c o n d i t i o n .  At Ernakulam  
f i s h  in s t a g e  IV and spent  c o n d i t i o n  were 
r e co r de d  in M a r c h ,  April  and N^ny. Du ring
the 1960- 196 1  season  one spent  female 
w ith  a few large  r e s i d u a l  eggs  in  the 
ovary was recor de d in March at [:rna- 
k u l a m .  A few oo z in g  f e m a l e s  were c o l ­
lec te d  at Porto  Novo from n ig h t  catchcs  
b e yon d  the 10 fathom l i n e .  Du r ing  the 
1 96 1- 1 96 2  sea son  one speci men  at Karwar  
on 4 . 8 . 1 9 6 1  showed d e v e l o p i n g  "plum- 
p u d d in g "  ovary with  t r a n s p a r e n t  ova .
S e x u a l  m atur ity  s t u d i e s  i n d i c a t e  
that  in ^^anila Bay R a s t r e l l i g e r  hrachv- 
soma o f  both sexes  mature at a minimum 
s i z e  range of  1 5 . 0  - 1 5 . 9  cm, In tlic 
range 1 6 . 0  - 1 6 . 9  cm, a l l  f i s h  examined 
of b o th  sexes  were i n v a r i a b l y  mature .
Rast  re 1 l i g e r  k anagurt  a from N o r ­
ther n  f’a 1 av.’an , on the  o t h e r  h a n d ,  matures 
in the  minimum s i z e  range of  2 1 . 0  -
2 1 . 9  cm and a t t a i n s  a TTiaximum size  
raugc  of  24 , 0 - 2 4 , 9  CTn. ( !’h i 1 inn ires 
F is l icr ies  Handbook 1 9 5 2 ) .
3 . 1 . 3  ■'lating (Monogamous,  
polygamious,  promiscuous)
Po lyga mous .
3 . 1 . 4  Fert i 1i zat ion ( intc  rrn i , 
e xte rn  a 1)
E x t e r n a  1.
3 . 1 . 5  F ecu nd ity
- R e l a t i o n  of gonad s i z e  
and egg  number to 
s i z e  and  to age
A key  has  been p r e p a r e d  by Prndli-n 
and P a l e k a r  ( 1 9 5 6 )  to h e l p  in tlic i n t e r ­
p r e t a t i o n  of  the m a t u r i t y  stages  of t!ie 
g o n a d s ,  male and f e m a l e ,  of  the Indinn  
m a c k e r e l .  The m atu r i ty  s c a l e s  used !^ \- 
the I n t e r n a t i o n a l  Coun'~il for  the [ixplo- 
r a t i o n  of the Sea f o r  h e r r i n g  has been 
ad o p ted  up to Stage  V i n c l u s i v e .  (l\ood 
1930)  The Stage  VI was d i v i d e d  into  
Stage  VI (a)  and (b)  due to  p e c u l i a r  
r i p e n i n g  of  ova in h a t c h e s  g i v i n g  on 
app e a r a n c e  to  the ovary describc< '  ns 
"p lum - p u d d in g  s t a g e " .
The key is  r e p r o d u c e d  exc lu dinf ,  the 
d e s c r i p t i o n  of  the g e n e r a l  appe arancc  
o f  the  ovary and t e s t e s ,  an<’ appcnran rc  
of  ova unde r  the m i c r o s c o p e .
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Tnble I I I
Key to the stages of sexual maturity of 
the female In d ian  mackerel ( Rnstre 11iger kanagurta) 
(Pradhan and P a le k a r , 1D56J
Hxtent of ovary in the body cavity Range of 
ova




Ovary less than h a lf  the length 
of the body cavity
0 ,0 3 8 - 0 .1 3  
0. 14- 0,27
Ini i
Ovary s lig h tly  more than h alf  
the length of the body cavity 0 ,2 8 - 0 .3 7 m 11
Ovary extending to about 2 /3  the 
length of the body cavity 0 ,3 7 - 0 ,4 6 m III
Ovary extending a l it t le  over 
2 /3  the length of the body cavity 0 ,4 6 - 0 ,5 6 m IV
Ovary extending over the entire  
length of body cavity 0 ,5 7 - 0 ,8 1 V
Ovary extending over the entire  
length of bod;/ cavity
0 ,5 7 - 0 .8 1
0 ,5 7 - 0 .8 1
M
M
V I(a )  
VI (b)
Shrunken ovary about 1 /2  the 
length of abdominal cavity S VII
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Table IV
Key to the stages of sexual maturity of 
the male Indian  mackerel {R a s t r e ll ig e r  kanagurta) 
(Pradhan and P a le k a r , lys'Sj






less  than h alf  the length 
body cavity Im I
Testes
length
s lig h t ly  more than h a lf  the 
of the body cavity m II
Testes
length
extending  to about 2 /3  the 
of the body cavity m I I I
Testes more than 2 /3  the length of 
the body cavity m IV
Testes
length
extending  over the entire  
of the body cavity M V
Tes tes 
length
extending  over the entire  
of the body cavity M VI
Testes  
in s ize
com paratively much reduced
S V II
\_/ Im - Immature
m - Maturing
M - Mature
S - Spent fish
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- C o e f f i c i e n t  of f e c u n ­
d i t y
D e v a n e s a n  and John  C 1 9 4 0 )  e s t im ate  
an a v e r a g e  of 9 4 , 0 0 0  eggs  in  the I nd ian  
macVere  1,
3 . 1 . 6  S p a w n in g
- S p a w n i n g  seasons  
( b e g i n n i n g ,  e n d ,  p eak )
The  s pawnin g seas on  in  I n d i a  appears  
to be  from May or June  to  Sep tem ber .
- Number  of  spawnings  
per  y e a r ,  frequency
It spawns in s u c c e s s i o n  over a p r o ­
longed p e r i o d  and o n ly  a s m al l  p e r c e n ­
tage  of  ova mature  each t ime g i v i n g  that  
sta g e  a s p e c k l e d  ap p e a r a n c e  d e s c r i b e d  as 
"p l u m - p u d d i n g "  s t a g e .  The number of 
b a t c h e s  d i s c h a r g e d  in a s p a w n in g  season 
i s  not  kno wn ,  which  makes it  d i f f i c u l t  
to d e te r m in e  the number  o f  eggs  spawned 
d u r i n g  a s e a s o n .
3 . 1 . 7  Spa wn ing  grounds
- O c e a n i c  [ s u r f a c e ,  
bottom)
S p a w n in g  grounds  a p pe ar  to be in 
d e e p e r  wa t e r s  o f f  V i z h i n g a m  ( s e e  2 , 3 ) .
3 . 1 . 8  E g g s :  S t r u c t u r e ,  s i z e ,  
h a t c h i n g  t y p e ,  p a r a s i t e s  
and p r e d a t o r s
Range of ova d i a m e t e r s  in mm: 0 , 0 3 8  -
0 , 2 7  im m a tu r e ;  0 , 28 - 0 , 5 6  maturing*,
0 , 5 7  - 0 , 8 1  m at ure .  The mature  ova are 
t r a n s p a r e n t ,  m e a s u r in g  0 , 8 8  mn - 0 . 9 0  mm^ 
u s u a l l y  w ith  a large o i l  g l o b u l e .  (Prad- 
han and P a l e k a r  195 6 )  The o i l  g lo b u l e  
m easu re s  0 , 2 3  mm in d i a m e t e r .  Sometimes
3 to 4 o i l  g l o b u l e t s  may be p r e s e n t ,
3 , 2  L ar v al  h i s t o r y
3 , 2 , 1  Account  o f  em br yo nic  and 
j u v e n i l e  l i f e  ( p r e l a r v a ,  
l a r v a ,  p o s t l a r v a ,  j u v e n i l e )
- F e e d i n g
B h i m a c h a r  and Geo rge  ( 1 9 5 2 )  examined 
the  gut c on te nt  of  a large  number  of  young 
m ack ere l  o f  s i z e s  from 5 , 5  t o  7 , 5  cm and 
foun d t h a t  t h e i r  food d i d  n ot  d i f f e r  r a d i ­
c a l l y  from that  o f  the  a d u l t ,  (See  3 , 4 , 2 )
3 , 3  Ad ult  h i s t o r y
3 . 3 . 1  L o n g e v i t y
P r o b a b i l i t y  o f  n four th  y e a r - c l a s s  
is  i n d i c a t e d  from length f r eq ue ncy  
s t u d i e s  in I n d i a n  w a t e r s .  L a r g e r  s p e ­
cimens  (25-2 7  cm t o t a l  le n g th )  w h i c h  
are caught  in s m al l  numbers may be 
a t t r i b u t e d  to the f o u r t h  y e a r - c l a s s .
3 . 3 . 2  H a r d i n e s s
(S ee  2 , 3 )
3 . 3 . 3  Co m pet it ors
The o i l  s a r d i n e  S a r d i n e l l a  l o n g i c e p s  
on the  west  coas t  o f  I n d ia  may be c o n s i ­
d e re d  as c o m p e t i t o r  f o r  fo o d ,  as bo th  are 
p l a n k t o n  f e e d e r s  g r a z i n g  on the same 
p a t c h e s  of  p l a n k t o n  in  i n s h o r e  w a t e r s .  
Both  are m i g r a t o r y  f i s h e s ,  moving in  i n ­
s hore  wa t e r s  in  the  same s e a s o n .
3 . 3 . 4  P r e d a t  ors
S h a r k s ,  s e e r f i s h ,  r ib bo n  f i s h  and  
p o r p o i s e s ,
M ack er el  s h o a l s  when a t ta c k e d  by 
s e e r l i s h  s c a t t e r  and  when ch as ed  by 
s h a r k s  submerge w i t h  the he ad  downwards  
in  a compact m as s .  On p o r p o i s e  a t t a c k ,  
t hey  dive  and s c a t t e r .
3 . 3 . 5  P a r a s i t e s  and d i s e a s e s
Tre m atode ,  c e s t o d e  and copepod p a r a ­
s i t e s  were r e c o r d e d  from I n d i a n  m ac k e r e l ,  
( S i l a s  and Um ner kut tv  1964)
3 . 3 . 6  H r e a t e s t  s i z e
L ar ge st  s pe c im e n  rec or de d  from Kar- 
w a r  was 30.7 cm ( J a n u a r y  1 9 5 5 ) .
3 , 4  N u t r i t i o n  and growth
3 , 4 , 1  F e e d i n g  ( t i m e ,  p l a c e ,  
m a n n e r ,  season )
Chidambaram et a l ,  ( 1 9 5 2 )  s t u d y i n g  
the  i n t e n s i t y  o f “T e e ^ i n g  in d i f f e r e n t '  
s i z e  groups  of  I n d i a n  m a c k e r e l ,  foun d 
f o r  a l l  s i z e  gr oups  two p e r i o d s  of 
i n t e n s e  f e e d i n g ;  one  in October-Decem- 
b e r  and the o t h e r  in  M a r c h - A p r i l .  The 
a b s e n c e  of  d a t a  f o r  v a r i o u s  s i z e  f i s h e s  
in  Jun e^  J u l y  and A u g u s t  d i d  not a l lo w  
t h e  author s  to  draw any c o n c l u s i o n  w ith  
r e g a r d  to  f e e d i n g  h a b i t s  d u r i n g  the 
s p a w n i n g  s e a s o n .
F I h / S 2 9  R a s t r e l l i g e r 3 : 5
The same authors  found a d i s t i n c t  
c o r r e l a t i o n  between  the  m a t u r i t y  of  the 
f i s h  and i t s  f e e d i n g  i n t e n s i t y .  From 
F e b r u ar y  to  the  m id dl e  of  A p r i l  when the 
m ackerel  w er e  m a t u r i n g ,  the  f e e d i n g  i n ­
t e n s i t y  i s  h i g h .  From the m id dl e  of 
A p r i l  to  June  when the f i s h  was adv an ce dly  
m at u r e ,  the  f e e d i n g  was low,
3 . 4 , 2  Food Ct y pe ,  volume)
I n d i a  - west c o a s t .  S o u r c e :  Cen ­
t r a l  M a r i n e  F i s h e r i e s  Re s e a r c h  I n s t i t u t e ,  
I n d i a  from 1957  to  1 9 6 2 ) ,
' 'Mackerel has be en  foun d to  s u b s i s t  
m ain ly  on p h y t o p l a n k t o n  and z o o p l a n k t o n ,  
the common items of food b e i n g  C o s c i n o - 
d i s c u s ,  D i n o p h y s i s  f>erid in ium,  Pleuro- 
s i g m a ,  C h a e Y o c e r o s  s p .  , F r a ' g i l a r i a  ocea- 
n i c a ,  T h a l a s s i o t F r i x  f r a u e n f e l d i ,  Nitzs- 
c h i a  s e r i a t a , Skeleton em a  c o s tatum ,
Th a T a s s i o n e m a  among the  p h y t o p l a n ^ t e r s  
and t i n t i n n i d s  E v a d n e , P e n i l i a , Cvpris  
l a r v a e ,  c l a d o c e r a n s ,  d i n o t 1 age 1 l a t e s , 
copepods  l i k e  O i t h o n a  s p p , ,  Acroca la nu s  
s p p . ,  Tem ora  t u r b i n a t a , S c h n a c K e n a  
s e r r i  caudat~a, b u t e r p i n a  a c u t i t r o n s  ,
L a b i d o c e r a , ~ A c a r t T a ,  E u c a l a n u s  and S q u i l l a  
i a r v a e ,  A l im a  l a r v a e ,  g a s t r o p o d  l a r v a e ,  
b i v a l v e  ] arv ae  and f i s h  p o s t  larvae qmong 
the z o o p l a n k t e r s .
1957  - 1958  s e a s o n :  At Mangalore
it was o b s e r v e d  that  a c t i v e  f e e d i n g  takes 
p l a c e  d u r i n g  Octobe r- Dec em b er ,  Food con ­
s i s t e d  o f  z o o p l a n k t o n ,  d om inated  by  cope- 
p c d s .
1958  - 1959 s e a s o n ;  The volume of 
stomach c o n t e n t s  was foun d  to  be hi gh  in 
November  at M a n g a l o r e .  Con tents  were 
m ost ly  c o p e p o d s .
1959 - 1960 s e a s o n ;  The main items 
ob s e r v e d  i n  the  stomach c o n t e n t s  were c o p e ­
p o d s ,  c l a d o c e r a n s  and l a r v a l  b i v a l v e s  among 
z o o p l a n k t o n  and C o s c i n o d i s c u s  among p h y t o ­
p l a n k t o n  at Mangalore"!  At C a l i c u t  the 
stomach s  ( o f  f i s h  2 04 -231  mm) were f u l l  in 
most c a s e s ,  m ain ly  of  c o p e p o d s .  Ph y to ­
p l a n k t o n  c o n t r i b u t e d  only  a minor  p o rt io n  
of f o o d ,  c h i e f l y  by s p e c i e s  of  D i n o p h y s i s , 
Cos c i n o d i  s cus  , P e r i d i n i u m  and P l e u r o s i g m a . 
Large  n um b er  of t i n t i n n i d s  were  a l s o  s ee n .  
O t h e r  fo o d  items were c r u s t a c e a n  eggs  and 
l a r v a e ,  b i v a l v e  larvae  and c l a d o c e r a n s .
At V i z h i n g a m  m ackerel  f e d  e x c l u s i v e l y  on 
p l a n k t o n i c  o r g a n i s m s .  In the  f i r s t  and 
last  q u a r t e r s  z o o p l a n k t o n i c  forms like 
c o p e p o d s ,  S q u i l l a  l a r v a e ,  praw n ^ r v a e ,  
p e l e c y p o d  l arv ae "  and A ce tes  s p .  formed 
im porta nt  c o n s t i t u e n t s  and in  the  second
and t h i r d  q u a r t e r s  the p h y t o p l a n k t o n i c  
f r a c t i o n  c o n s t i t u t e d  the  m ajor  item cf 
t h e i r  food ,
1960 - 1961  s e a s o n :  In  J u n e ,  Ju ly  
and August  the stomach co n te nts  at Karwar  
h a d  d iato m s .  C h a e to c e r o s  s p . ,  F r a g i l a r i a  
o c e a n i c a , T h a i a s s i o t h r i ? T ' f r a u e n t e J a i  and 
N i t z c h f a  s e r i a t a  were  found a b u n d a n tl y .  
JiiampTes from o f f s h o r e  c o l l e c t i o n s  had 
d i n o f l a g e 1 1 ates  and many zoopla nk ton  e l e ­
m e n t s .  At Mangalore  p h y t o p la n k t o n  was 
dominant  from A p r i l  to  August and z o o ­
p l a n k t o n  ( E v a d n e , P e n i l i a  and coceoods)  
was dominant  from Au gus t  to March.  At 
Can na no re  m ack ere l  was  found to  f e e d  on 
p l a n k t o n i c  organisms  w i t h  two peak p e r i o d s  
of  f e e d i n g  in September-November  and 
Januar y - M arch .  G e n e r a l l y  phy tn pla n kto n  
dom ina ted  over  z o o p l a n k t o n  a lthough  the 
l a t t e r  was dominant  in  c e r t a i n  months.
At Ernakulam  ac t iv e  f e e d i n g  was obs er ve d 
from Octobe r  to  Niarch, copepods  p r e d o m i ­
n a t e d .  V a r i e t y  of  diatoms and d i n o p h y s id s  
wer e  a ls o  met w i t h .  J u v e n i l e  mackerel  
( 1 5 0 - 1 6 0  mm) in  June  f e d  e x c l u s i v e l y  on 
f i s h  p o s t l a r v a e .  At V iz h in g a m  both 
phyto- and zo o p la n k to n  were n o t i c e d  in 
gut  c o n t e n t s .  Phy llos om a  larv ae ,  Alir.a 
l a r v a e ,  C) 'pris  l a r v a e ,  c o f e p o u s ,  c r u s t a c e a n  
r e m a i n s ,  b i v a l v e  l a r v a e ,  gastropod larvae  
S k e l e t o n e m a  costatum and N i t z s c h i a  were  ^
observecJ.  At Porto  Novo (e ast  c o a s ) 
f e e d i n g  was i n t e n s e  and  i n d i s c r i m i n a t e  
t h rou ghou t  the seas on  du r in g  day as well  
as n i g h t .  Gut c o n te n t s  l arg ely  r e f l e c t e d  
the co m po sit ion  of  i n s h o r e  plankton  and 
i t s  f l u c t u a t i o n s .
1961  - 1962  s e a s o n :  At Karuar  
i n t e n s i v e  f e e d i n g  was obs er ve d in A p r i l ,  
D u r i n g  A p r i l  to Au gust  phyt oplankton  1c 
el ement s  were p r o m i n e n t .  Dinofl-?ge 1 latcs  
c l a d o c e r a n s  and co pep od s  like  Oi thona  s p p . 
A c r o c a l a n u s  spp ,  Temora t u r b i n a t a , S c h n a c k e  - 
r i a  s e r r i c a u d a t a  and H u t e r p i n a  a c u t i i  rons 
formed  the main food d u r i n g  the post  mon ­
soon mon ths .  S c a r c i t y  o f  the se  food e l e ­
ments  in the p l a n k t o n  mj^y be one of the 
r e a s o n s  f o r  the  f a i l u r e  of  the f i s h e r y ,
At Mangalore  in O c t o b e r ,  c l a d o c e r a n s ,  L v n d n e  
t e r g e s t i m a  and Pe ni  l i a  a v ir o s  t r is  wer e  "11'f'- 
m i n a n t , Copepods  were  dominant  Tn otlier 
m o n t h s .  At Can nano re  the  phyto- and z o o ­
p l a n k t o n  formed the  main  food.  At C a l i c u t  
copepods  formed the  main  food thro ugh out  
the y e a r ,  Labi d o c e r a , A c a r t i a  and fem ora 
formed the major  pa rt  oF~food in t h e ~ e a r I v  
h a l f  o f  the yea r  and Tem ora ,  L ab id o c e r n  
and Euc ala n u s  in the T a T t e r  h a J } . Othe r  
items~ot tood were  E v a d n e ,  P e n i l i a .  c r u s ­
ta c e a n  e g g s ,  Luci  f e r . t i n t i n n i d s ,  b i v a l v e  
l a r v a e ,  P l e u r o s i g m a  and C o s c i n o d i s c u s .
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The foo d c o n s i s t e d  o f  c o p e p o d s ,  other  
c r u s t a c e a n s ,  Alima l a r v a ,  Cypri s  l a r v a ,  
S k e l e t o n e m a  c o s t at u m ,  T h a 1 r s s i o t h r i x , 
N i t z s c h i a  and T h a la s s io n e m a  at Viz- 
h i n g am .  Ex a m in at io n  ot stomach con ­
t e n t s  o f  mackerel  from t r a w l  catches  
at Bombay has shown p r e s e n c e  of fora- 
m i n i f e r a n  s h e l l s  and  s an d  g r a i n s .
3 . 5  B e h a v io u r
3 , 5 . 1  M i g r a t i o n  and local  
movements
In K a r w a r ,  I n d i a  a c c o r d i n g  to  
P r a d h a n  ( 1 9 5 6 )  w ith  n o r t h e a s t e r l y  winds  
s h o a l s  e n t e r  i n s h o r e  w a t e r s .
S h o a l s  u s u a l l y  move a long  the c u r ­
rent o f  wa ter  at h ig h  t i d e .  When the re  
i s  a s tr o n g  e a s t e r l y  w i n d  mackerel  
s h o a l s  come c lo s e  to  the  shore  through 
d e e p e r  layers  of  w a t e r .
I t  was obs er ve d  t h a t  mackerel  s h o a l s  
move in s e m i c i r c u l a r  or arrow-head for m a­
tion?; .
It  may be i n f e r r e d  that  mackerel 
s h o a l s  move at a spe ed  o f  about 8 to 10 
n a u t i c a l  m ile s  per  h o u r .  In the  Malaya 
P e n i n s u l a  s hoals  move at 3 knots  per  ho u r ,
H a r d e n b e r g  ( 1 9 5 5 )  s t a t e s  that  the 
m a c k e r e l s  te n d  to  f o l l o w  t h e  h ig h e s t  
d e n s i t i e s  of  p l a n k t o n  as has  been i n ­
d i c a t e d  on the west  c o a s t  o f  Borneo 
and p r o b a b l y  o f f  the  wes t  coa st  of 
N!a l a c c a .
I n d o n e s i a  - H a r d e n b e r g  g iv e s  the 
f o l l o w i n g  i n f o r m a t i o n :  " I n  the  case 
o f  the  o c e a n i c  m acke re l  one i n s tance  
o f m i g r a t i o n  i s  f a i r l y  wel l- kno wn  and 
t h i s  i s  in the  J a v a  S e a  w h e r e  the s i t u a ­
t i o n  i s  b r i e f l y  as f o l l o w s ;  At the end 
of  t h e  w e s t  monsoon a s t o c k  o f  o ce an ic  
R a s t r e  H i g e r  is  p r e s e n t .  At the begin- 
nTng o f  the  e a s t  monsoon t h e  wa ter s  of 
the J a v a  S e a  b e g i n  to  f l o w  in  a w e s t e r l y  
d i r e c t i o n  and the R a s t r e 1 l i g e r  moves o f f  
in a w e s t e r l y  d i r e c t i o n  ana  d i s a p p e a r s . 
A f t e r  some weeks  a new s t o c k  e n t e r s  the 
J a v a  S e a  th ro u gh  i t s  e a s t e r n  e n t r a n c e .
At the  en d  o f  the e a s t  monsoon the
r e v e r s e  happe ns  and two new s toc ks  e n t e r  
t h e  Java  S e a ,  one from the  n orthw es t  out 
o f  the South C h i n a  S e a  and one from the  
s o u t h w e s t  out of  t h e  I n d i a n  O c e a n .
" T h i s  s tu dy  was b a s e d  on the  m i g r a ­
t i o n  of D e c ap t e r u s  but  mackere ls  f o l l o w  
t h e  same p a t t e r n  c l o s e l y ,  g e n e r a l l y  
b e i n g  one to two wee ks  b e h i n d , "
The p o s s i b i l i t y  o f  actual  spa wner s  
m o ving  out of  the  i n t e n s i v e  Iv fislicd are a  
i s  i n d i c a t e d  by  o b s e r v a t i o n s  at Porto  
N o v o .  Appea ranc e  o f  mackerel  in  i n s h o r e  
w a t e r s  depends  to  some ex te nt  on t^'e 
a v a i l a b i l i t y  o f  the food el ements  in  the  
i n s h o r e  p la n k t o n  and one of  the c o n t r i ­
b u t i n g  fa c t o r s  r e s p o n s i b l e  f o r  the  
f a i l u r e  of  the m ac k e r e l  f i s h e r y  in  the  
y e a r  1961-1962  at K ar w ar  may be the  
s c a r c i t y  of  food e le m e n t s  in p l a n k t o n .  
D u r i n g  S e p tem ber - Jan uary  moderate  te m p e ­
r a t u r e ,  pH and s a l i n i t y  p r e v a i l  in  the  
i n s h o r e  wa ter s  (K a r w a r )  du r in g  which  
time mackerel  appe ars  in  sh oals  a lo ng  
the  c o a s t l i n e .  A s u r v e y  o f  R . V ,  VARUNA 
in  the  M a n g a l o r e - C a l i c u t  zone in  Fe b ru ar y  
1 96 2  r e v e a l e d  t r a c e s  o f  sh oa ls  in w a t e r s  
up to  20 m d e p t h ,  b u t  beyond  th is  range  
t h e r e  were no t r a c e s .
D u r in g  the  1 9 6 1 - 1 9 6 2  sea son  o c c u r ­
r e n c e  of  m ack ere l  was r ec orded  in  the t raw j  
c a t c h e s  o f f  the  Bombay and S a u r a s h t r a  
c o a s t s  in  November a n d  December ,
3 . 5 . 2  S c h o o l i n g
In K a r w a r ,  I n d i a ,  (P radhan  195 6 )  the  
s i z e  range in a s i n g l e  mackerel  s h o a l  is  
v e r y  small  and the  i n d i v i d u a l s  c o l l e c t i ­
v e l y  p r e s e n t  a s t r i k i n g  u n i f o r m i t y  of 
s i z e .  T h is  s u g g e s t s  that  m ackerel  of  
d i f f e r e n t  s i z e  gr oups  move in s e p a r a t e  
s h o a l s  and the  ran ge  o f  s i z e  in the  same 
s h o a l  is  not s i g n i f i c a n t l y  l arg e .
A rec ord ca t c h  o f  2 , 1 0 0 , 0 0 0  m acke re l  
i n  one net  was n o t i c e d  on 1 . 1 2 , 1 9 5 7  at 
K a r w a r .
3 . 5 . 3  R e p r o d u c t iv e  h a b i t s
No s e g r e g a t i o n  of  s e x e s .
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4 PO PULATION  (STOCK)
4 , 1  S t r u c t u r e
4 . 1 . 1  Sex r a t i o
G e n e r a l i y ,  males  and fem ales  were 
,-incut e q u a l  in number  in  the  commercial 
c a t c h e s  ( d a t a  from 1955-196 1 from 
the wes t  c o a s t  of I n d i a ) .  ( s e e  Table  V)
Table V












L o c a l i t i e s
C a J ic u  c
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About  5 0 : 5 0  
50 • 50
R a t i o  fluctr-' . ' sd but feriialss 
V'-ere s l . i ghtr /  n u r p - : ^ ;
ir a le s
1 /  C e n t r a l  Marine  F i s h e r i e s  Re search  I n s t i t u t e  
I n d i a  ( 1 9 5 5 - 1 9 6 1 )
4 , 1 . 2  Age co m po s it io n
M a c k e r e l  of the f i r s t ,  second and 
t h i r d  y e a r - c l a s s e s  are r e p r e s e n t e d  in 
the c om m e rcia l  c a t c h e s .  F i s h  of  the 
f o u r t h  y e a r - c l a s s  are r a r e l y  rep re sen te d .
M a c k e r e l  appears  to a t t a i n  a length 
of 14-15 cm in  the  f i r s t  y e a r .  The 
c o r n e r c i a l  s i z e  of  19 - 21 cm may be
2 y e a r s  o l d  ( i m m a t u r e ) .  By the  time 
they b e g i n  t o  s paw n ,  they  are three  
y ear s  old  ( 2 3 - 2 4  cm) .  P r o b a b i l i t y  of 
a f o u r t h  y e a r  c l a s s  (2 5-2 7  cm) is  also  
i n d i c a t e d .  Spec imens  up to  3 0 . 2  cm 
have b e e n  r e c o r d e d  at V i z h in g a m  in 
the 1 9 5 6 - 1 9 5 7  s e a s o n .  S t u d i e s  at Man- 
dapam ( 1 9 5 7 - 1 9 5 8 )  i n d i c a t e d  that  i n d i ­
v i d u a l s  b e l o w  22 cm showed c l e a r  annual 
r i n g s .  I t  seems p r o b a b l e  t h a t  these  
r in gs  are s p a w n in g  m ar k s ,  w h i c h  may be
u s e f u l  not only  in  age and  maturity  
s t u d i e s  but  a l s o  in  r a c i a t i o n  s tu dies  
in v i e w  o f  the r e p o r t e d  v a r i a t i o n  in 
s i z e  d i s t r i b u t i o n  and s paw n in g  per iod  
of  t h e  s p e c i e s  on d i f f e r e n t  p a r t s  of 
the I n d i a n  c o a s t .  The t re nd  of  o c c u r ­
r en ce  of  r in gs  of  s c a l e s  was more o r ’ 
le s s  the same as above at C a l i c u t  
d u r i n g  the 1960- 196 1  s e a s o n .
4 , 1 . 3  S i z e  co m pos it io n
The ge ne ra l  s i z e  r an ge  v a r ie s  from
3 . 5  t o  2 9 . 5  cm in d i f f e r e n t  months.
4 . 2  S i z e  and d e n s i t y
4 . 2 . 1  A v er age  s i z e
See  4 . 2 . 2 .
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4 , 2 , 2  Changes  in  s i z e
K a r w a r  ( I n d i a )  - P r adhan  C1956)
194 8  - 1949 s e a s o n :  Dominant  size- 
c l a s s  from December  1949  was 2 0 , 5  cm.
1949  - 1950 s e a s o n :  Thre e  dominant  
c l a s s e s ^  17 , 5  cm; 1 8 , 5  cm and 1 9 , 5  cm c o n ­
s t i t u t e d  the f i s h e r y  at v a r i o u s  i n t e r v a l s .  
The 1 9 , 5  cm group p e r s i s t e d  thro ugh out  the 
seas on  with  e x c e p t i o n  of  O c t o b e r  and Decem­
b e r ,
1950  - 1951 s e a s o n :  O c t o b e r  1 9 5 0 :  
Dominant  s i z e - g r o u p ,  1 9 . 5  cm e n t e r e d  the 
f i s h e r y ;  in Nove mber ,  i n c r e a s e d  to  2 0 , 5  cm 
and d i s a p p e a r e d  in D ec em ber .  The second 
group e n t e r e d  the f i s h e r y  in November 1950 
and the  dominant  s i z e - c l a s s  was then 1 7 , 5  
cm, i n c r e a s i n g  to 2 0 , 5  cm in  December ,
2 1 . 5  cm in  Januar y  1951  and  2 2 , 5  cm in 
F eb ru ar y  and March,
1951 - 1952 s e a s o n :  Dominant  size- 
c l a s s  in  Oct ob er  1951  was 1 9 . 5  cm, i n c r e a ­
s i n g  to  2 0 , 5  cm in November  and p e r s i s t i n g  
th r o u g h o u t  the s e a s o n ,
1952  - 1953  s e a s o n :  Dominant  size- 
c la s s  in O ctobe r  was 1 7 , 5  cm which  i n ­
c r e a s e d  to 1 9 . 5  cm in Nove mber  and p e r ­
s i s t e d  t i l l  March 1 9 5 3 ,  The  l arg er  g r o u p ,
2 2 . 5  cm, which e n t e r e d  the  f i s h e r y  in 
O c t o b e r  i n c r e a s e d  to  2 3 , 5  cm in  November 
and p e r s i s t e d  in small  numbers  u n t i l  
D ecem ber .
W es t  coast  of  I n d i a ;  S o u r c e ;  C e n ­
t r a l  M arin e  F i s h e r i e s  R e s e a r c h  I n s t i t u t e ,  
I n d i a ,  ( 1 9 5 3 - 1 9 6 2 )
1 9 5 3  - 1954  s e a s o n :  The 1 9 . 5  cm 
s i z e - c l a s s  was do m inant .
The 22-23  cm s i z e  grou p  at Mandapan 
( e a s t  c o a s t )  and 1 9 , 5  cm s i z e  c la s s  at 
K ar w ar  were  dominant in  t h e  f i s h e r y .
1 9 5 4  - 1955 s e a s o n ;  The t o t a l  s i z e  
ran ge  was  1 1 . 3  to 2 3 . 0  cm.
At K a r w a r ,  d u r i n g  Ap ri1-May the s i z e  
range  was  1 1 , 3 - 1 6 , 4  cm. In  J u l y  the range  
v a r i e d  b e t w e e n  1 2 . 9 - 2 5 . 0cm the  dominant  
c l a s s  b e i n g  22 cm. In  A u g u s t  the s i z e  
r an ge  wa s  1 5 , 1 - 2 3 . 0  cm and i n  September  
1 3 . 1 - 2 0 . 1  cm, the  do minant  c l a s s  in the 
l a t t e r  p e r i o d  b e i n g  14 cm, A p o int  of 
s p e c i a l  i n t e r e s t  is the o c c u r r e n c e  of 
y oun g  m a c k e r e l  o f  5 cm in s h o r e  s e i n e s  
at Madr as  ( e a s t  c o a s t ) .
1955 - 1956 s e a s o n :  S i z e  range  
was 1 9 . 0 - 2 5 . 0  cm.
At C a l i c u t  d u r i n g  November- 
December  the s i z e  range  v a r i e d  from 
1 9 . 0 - 2 5 . 0  cm.
1956  - 1957  s e a s o n :  S i z e  range  was 
9 . 8 - 2 6 . 2  cm the dominant  groups  b e i n g  
14-15 cm, 18 cm, 16-19 cm, 19-21 cm nnd 
23 cm at v a r i o u s  p l a c e s .
There  was much i n c o n s i s t e n c y  of  
s i z e  in  the f i s h  c o n t r i b u t i n g  to the  
f i s h e r y  at Mandapam (e ast  c o a s t ) .  Bulk  
of  the com mercial  land in gs  at C a l i c u t  
were  composed of  16-19 cm group and 19- 
2 l  cm group in  the  e a r l y  and l a t t e r  h a l f  
of  the peak s e a s o n  ( S e p t e m b e r - O c t n b e r ) . 
F i s h  m easu rin g  more than 24 cm were 
n o t a b l y  a b s e n t .  At Mangalore  the  s i z e  
range  was 19-21 cm. At Karwar  the  m i n i ­
mum and maximum s i z e s  were 9 . 8  cm and
2 6 , 2  cm r e s p e c t i v e l y .  Three dominant  
s i z e  groups  in the  f i s h e r y  were 14-15 cm 
18 cm and 23 cm. At V iz h in g a m ,  j u v e ­
n i l e s  (11-13  cm) and spawners  ( 2 4 - 2 7  cm) 
were  e n c o u n t e r e d ,  the commercial  s i z e  
group b e i n g  19-21 cm. Spawne-^s of the  
s i z e  group 24-27  cm were  recorded in 
the  f i s h e r y  f o r  the  f i r s t  time in I n d i n .  
P o s t l a r v a l  m ac k e r e l  11-22 mm were a l s o  
r e co r de d  from O c t o b e r  to J u n e ,  in large  
numbers  f o r  the  f i r s t  time.
1957  - 1958  s e a s o n :  The dominant  
s i z e  groups  were 13 cm, 18 cm, 2 0 . 5  cm,
2 1 . 5  cm and 23 cm in d i f f e r e n t  months 
at d i f f e r e n t  p l a c e s .  Young m ackerel  
(3-6 cm) were  c a u g h t .
At C a l i c u t  two s i z e  g r o u p s ,  6 . 5 -
1 7 . 5  cm and 16-17 cm en t e r e d  the  f i s h e r y  
in Au gus t .  In S eptem ber  modal s i z e  was 
18 cm. In Nove mber  the dominant s i z e  
jroup was 2 1 , 5  cm and in December  to  
■ebruary,  2 0 . 5  cm. Mackerel  caught  by  
t r a w l e r s  at E r n a k u l a m  in May m easure d 
21-24  cm with  the mode at 23 cm. J u v e ­
n i l e  m ackerel  a p p e a r e d  in J u l y ,  S i z e  
groups  8 -10 ,  12-13  and 16-18 cm were 
dominant  in -July, August  and S e p t e m b e r .  
The f i s h e r y  from November  to March was 
s u s t a i n e d  by the  18-20  cm s i z e  g r o u p s .
The s i z e  range  at Karwar  was 1 2 . 2 - 2 5 . 9cm 
the  dominant  s i z e  group b e in g  2 1 . 5  cm 
w hich  p e r s i s t e d  t h r o u g h o u t  the s e a s o n .
At Mangalor e  in  O c t o b e r  the dominant  
s i z e  group was 18.4-19,5 cm and at the 
c l o s e  o f  the  s e a s o n ,  it  was 21^-22.0 cm. 
D u r i n g  J a n u a r y - M a r c h , large  m acke re l
23.0-27.2 cm were  r e c o r d e d  in the  N e t r a v a t i
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e s t u a r y .  At V i z h in g a m  the t o t a l  siz e  
range was 18-31  cm w i t h  the 23-24  cm 
group d o m i n a t i n g ,  j u v e n i l e  m ack ere l  
v a r y i n g  in  s i z e  be tween 10-17 cm with  
the 13 cm gr oup  d o m i n a t in g  were  also  
c a u g h t .  On 2 9 , 6 . 1 9 5 7  yo un g m ackerel  
(3-6 cm) w e r e  caught  only  from 15-18 
f ath om s .
1 9 5 8  - 1959  s e a s o n ;  The t o t a l  
s i z e  ran ge  was  4 , 0  - 2 4 , 5  cm. P r o ­
minent s i z e  gr oups  were 1 9 . 0  - 2 0 . 0  cm
c r; .
At K a r w a r ,  in O c t o b e r  and Novem­
ber  the  f i s h e r y  wns composed o f  19.0 
and 20p  on g r o u p s .  From O c t o b e r  to 
March th e r e  was a s h i f t  in  the  mode 
froiT^  19«0 to  22jj c;;; . At M angalo r e  
large s i z e  f i s h  were caught  (21,0-21^ 
cr.) . At C a l i c u t  the f i s h e r y  was 
c o n t r i b u t e d  by  one dominant  c l a s s  
(21,5 cm) w h i c h  p e r s i s t e d  th ro u ghou t  
the s e a s o n .  J u v e n i l e  m ack ere l  (16.0 
cm) were r e c o r d e d  in  S e p t e m b e r .  At 
'Cochin the  20.0>22,Q cm group in A p r i l
1958 and from S eptem be r  to  J a n u a r y  
1 9 5 9 the  l9.0-2li) cm group m a i n l y  sup- 
pc r te d  the f i s h e r y .  At V i z h i n g a n  the 
s i z e  range  was  4.0-24P c o . A d u l t s  of 
22o-243  cm d o m i n a t e d  in the la s t  
q u a r t e r .  At Mandapam ( e a s t  c o a s t )  the 
s i z e  n n g c  v a r i e d  from 20.7-31.2 ora. in 
A p r i l ,  2213-23,6 c-, in May and 19,1-24/1 cm 
from V ovem be r  to  Fe b r u ar y .  At Porto- 
Novo ( e a s t  c o a s t )  the  s i z e  of  mackerel  
v a r i e d  from 14D-I7.0 ( August-Septem- 
ber)  and 20.0-24.0 cm ( J a n u a r y  to  March ) .
1959  - 196 0  s e a s o n :  S i z e  compo­
s i t i o n  v a r i e d  from 4 , 5  - 2 9 . S cm at 
d i f f e r e n t  p l a c e s .  Dominant  s i z e  groups 
were 1 8 , 0  cm,  1 9 , 0  cm, 20 cm, 2 0 . 0  - 
2 J . 0  cm. J u v e n i l e s  were r e c o r d e d
( 4 . 5  - 7 . 0  cm) .
The f i s h e r y  at Karwa r  was composed 
of immature f i s h  of 17.0-22.0 cm. Young 
m ackere l  o f  10.0-13.0 cm o c c u r r e d  f r e q u e n ­
tly  d u r i n g  A p r i l ,  May,  June  and  August .  
The 20.0-21.0 cm group d o m i n a t e d .  At 
‘' ' a n g a l o r e ,  t h e  f i s h e r y  was s u p p o r t e d  by 
the 19.0-19.4 cm s i z e  group in O c t o b e r ,  
and 22.0 -22.4 cm in March.  At C a l i c u t  
the 123 cm in  A u g u s t ,  16.5 cd  m  Septem­
b e r ,  18.5 cm in  O c t o b e r ,  20.5 cm in Novem­
be r- De ce mbe r  and 213  cm in J a n u a r y  to 
' ‘a r c h .  At Ern a k u la m  in A p r i l  and May 
f i s h  r a n g i n g  in  s i z e  from 20X1 to  23 .0 oa 
w ith  modal  len gth 22J5 cm were caught  in 
moder ate  q u a n t i t i e s .  In O c t o b e r ,  f i s h  
wi th  modal l e n g t h s  18.0 and 19J) cm were 
p r e d o m i n e n t ,  w h ich  i n c r e a s e d  to  21P cm 
by  M a r c h .  S m a l l e s t  m acke re l  (5.6 cm) 
was c o l l e c t e d  in August  from the  20
fathom a r e a .  At N ee n d a k a r a  the s i z e  range 
was 14.9-24^ ora in May.  At V iz h in ga m  in 
the f i r s t  q u a r t e r ,  two s i z e  g r o u p s ,  5fl-6.0 
and 9.0-14JD cm were  common. Adult f ish  
of  22i)-25,0 cm were r e c o r d e d  as str ay  s p e c i ­
mens ,  In  the second q u a r t e r  the s i z e  
c l a s s e s  8.0-12^), 13.0-15.0 and  16.0-19,0 cm 
e n t e r e d  the f i s h e r y .  B i g g e r  f i s h  of  siz e  
range  l4J)-22iD cm with  modal s i z e s  at 18.0 
and 20.0 ora were  r ec orded  d u r i n g  the th ird  
q u a r t e r .  The s i z e  range was 20.0-29.5 cm in 
the l a s t  q u a r t e r .  J u v e n i l e s  of  45-7.0 c- 
were a l s o  n o t i c e d  at the end  of the  p e r i o d .  
At P o r t o  Novo  ( e a s t  c o a s t )  the bulk of  the 
catches  were c o n s t i t u t e d  by  spawners of
20.0-24.0 cm s i z e ,
196 0  - 1961  s e a s o n :  T o t a l  s i z e  range 
was 4 , 5  - 2 8 . 0  cm w i t h  the 1 2 . 0  cm, 1 3 , 0  cm, 
1 6 , 0  cm, 1 9 , 0  cm, 2 0 . 0  cm and 2 3 , 0  cm groups 
p r e d o m i n a t i n g .
At Karwar  the f i s h e r y  was mainly  de p e n ­
dent on 19.0-215 on s i z e ,  the  total  range 
b e i n g  15.0-25.5 cm. Large  mackerel  occurred 
from A p r i l  to Au gus t .  At M a n g a lo r e ,  s i z e  
range o f  f i s h  was from 12P-24,^  se. At Can- 
nanore  the  f i s h e r y  in  the f i r s t  quar te r  was 
s u s t a i n e d  by  lli)-14i) cm group (mode at 12,0 
c m ) ,  s e c o n d  q u a r te r  by  j u v e n i l e s  ( 1 1 0 -12P 
cm) and medium s i z e d  m ack ere l  ( 14.0 -19.0 ca ) . 
In the  t h i r d  and four th  q u a r te r s  the f i sh  
ranged in  s i z e  between 18.0-23.0 cni with 
mode at 2lX)-22.0 cai , At C a l i c u t  f ish  of 
the  21^  cm group p e r s i s t e d  throughout  the 
s e a s o n .  At Ernakulam in  A p r i l  and ^'ay 
the modal  s i z e  was 2 LD cm.  J u v e n i l e s  (11.0- 
15J3 cm ) were recor de d in t r a w l  catches in 
May trcm the  8-10 fathoTT^ a re a  o f f  Cochin ,
The do minant  s i z e  groups in  July-Augu?;t 
were  13.0 and 16.0 cm  ^ in Septem ber  19.0 cr.i  ^
in  October-November  20.0 cm and December to 
March 2 IX) cm , At V i z h in g a m  the s i z e  range 
o f  f i s h  was 45- 2  8.0 cm . At Porto  .Novo 
( e a s t  c o a s t )  the dominant  s i z e  of  f ish  
was 19.0-20.0 cm ,
196 1  - 1962 s e a s o n :  S i z e  range was
3 . 5  - 2 7 , 0  cm. The 1 6 , 5  cm, 1 8 , 5  cm and
2 2 . 5  cm groups  were do m inant .
The f i s h e r y  at Karwar  was c o n tr i b u t e d  
by two groups  of  the s i z e  18.0-19.5 cm , <nnd 
225-235  cm. At Mangalore  in April-May the 
range  i n  s i z e  was 20.5-235 cm. In October  
it was 145-17.9 cm. D u r in g  De cember-J.'^nuary 
the gr oup s  17.0-17.4 cm and 17.5 -17.9 cm were 
d o m in a n t .  From Januar y  to  Marc h ,  the common 
s i z e  in  N e t r a v a t i  e s t u a r y  was 205-25.9 cm.
At C a n nano re  the dominant  s i z e  was 2 2 , 5  cm 
in the  f i r s t  and second q u a r t e r s  and in the 
t h i r d  q u a r t e r  the  range  was  1 7 , 5 - 1 8 . 5  cm.
The 2 2 , 5 - 2 4 . 5  cm group was rar e  in the
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f i s h e r y .  At ilalirut the  conir;iercial 
l an d in g s  were made up of  j u v e n i l e s  and 
medium s i z e d  ( lS- 17  cm) f i s h .  In Octo- 
h c r  the  dominant  s i z e  was 1 6 . 5  cm which 
j>orsisted  t i l l  tlie end of  D ecem ber .  In 
J a n u a r y  1962 doninant  s i z e  was 1 8 , 5  cm, 
Fro ’-' A p r i l  to Sej-^tcm!icr larp.e f i sh  
{ r j . i - 2 3 . 8  ci’i) h'itb 2 2 , 5  cm n.s the domi­
nant s i z e  Kcre cauj;ht.  At \izliingnm the 
co:".r;crci a 1 ca tch es  C o n s i s t e d  of f i sh  in 
tbc  s i z e  ranp.e 3 . S - 2 7 . 0  cm. At Porto 
Ncn'o ( e a s t  coast)  from A p r i l  to  June 
the rani]C was 18.0-20,0 cm . In  September  
the i''oiial s i z e  was 16.0 cm ,
Manncop ( 1 9 S 5 )  s t a t e s  that  R. 
b rnrhysoma reaches  a maximum length in 
TTTc TTTTTTpjunes of 2 2 , 0  cm and a weight  
of  about  200  g,  The ave rage  s i z e  taken 
c rmirerc i a 1 ly is about 1 8 , 0  cm and the 
nver.'tge we igh t  100 g.  The average  s i z e  
of the commercial  catch o f  I^, kanagu rt a  
is about  2 5 , 0  cm and 2 30 g w i t h  a rraxi- 
nuii' of  aliour 3 0 , 0  cm and 580  g.
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5 E X P L O I T A T I O N
5 - 1 F i s h i n g  equipment
5 . 1 . 1  f ' ishing  gear
Phi  l i p p in e s
Ad ult  chub m acke re ls  (R ,  brachysoma 
and R.  k a n a g u r t a )  are caught""niainly ty 
f  i s h ” co r ra  l ( . l b a K l a d )  in Malampaya Sound 
nnd hy p u r s e  s e i n e s  ( I t a l a k o p )  in Manila  
Ray.  The h a s n i g ,  sapyaw and s i n s o r o ,  
which  c a p t u r e  f i s h  with the a i d  of  l ight  
are a l s o  e x t e n s i v e l y  used  for  c a t c h in g  
■iuvenile and  i n t e r m e d i a t e  s i z e s ,  Hxplo- 
s iv e ?  are e f f e c t i v e l y  used  in the  
c a t c h i n g  of  a lum ahan  R. k a n a g u r t a  on 
the o f f s h o r e  r e e f s  an'3’ sh oals  by  naked 
d iv e rs  w o r k i n g  from a " m o t h e r "  fish- 
c a r r i e r  \ 'es s el .  C P h i l i p p i n e s  F i s h e r i e s  
ricmdl-'Ork 19 52)
I n d i a  - west coast
See  Tab le V I .
T h a i l a n d  and Cambodia
As s t a t e d  by  Durand ( 1 9 4 9 )  large 
q u a n t i t i e s  o f  I n d i a n  mackerel  are  caught 
in f i x e d  t r a p s ,  e s t a b l i s h e d  on the  muddy 
bottom in d e p t h s  v a r y i n g  from f o u r  to 
f i f t e e n  m e t r e s .
C e y 1 on
The s l e n d e r e r  v a r i e t y  in  Ceylon 
is  known as kum ba la  and the w i d e r  b o d ie d  
v a r i e t y  as b o l l a .  It has not y et  been 
p o s s i b l e  to  d e te r m in e  to  which  o f  these  
groups  the  j u v e n i l e  forms b e l o n g .  The 
j u v e n i l e  forms o f t e n  have o th e r  local 
names .  The c a t c h e s  of b o l l a  are h ig h e r  
a long the  s o u t h  c o a s t .  In g e n e r a l  the 
h e a v i e s t  l a n d i n g s  are  made w i t h  the beach 
s e i n e  bu t  a g r e a t  deal  of a n g l i n g  with 
h a n d l i n e s ,  b e a r i n g  from 15-25 hooks  in 
a c l u s t e r ^  i s  c a r r i e d  on o f f  t h e  south 
coast  from b o a t s  wh ich  h o v e r  o v e r  the 
s h o a l s  of  b o l l a  f o r  the p u r p o s e .
B r i g h t l y  s h i n i n g  a r t i f i c i a l  l u r e s ,  of ten  
made of  l e a d ,  are  u t i l i s e d .  They  are 
a l s o  ta k e n  on rod and l ine  u s i n g  a l i t t l e  
dr op-shaped  b e a d  of  lead w i t h  a barb as 
l u r e .  (de  Z y l v a  1956)
5 . 1 . 2  F i s h i n g  boats
I n d i a
See  T a b l e  V I .  The Pan d i  c a r r i e s  
only  the  rampan net  and a crew of  16 to 
20 and i t s  s i z e  is 45 x 10 x 4 f e e t .
The do ni  is  a s m a l l e r  bo at  u s e d  as a
scout  b oat  f o r  s i g h t i n g  mackerel  shoals  
or f o r  removing m ackerel  from an impounded 
a r e a ,  Manned by a crew o f  6 to 8 and p r o ­
p e l l e d  with  both oars and s a i l s  i t s  s i z e  
is  24 X 3 X 2 f e e t .
5 , 2  F i s h i n g  areas
5 , 2 , 1 Ge n er al  ge ogr aphic  
d i s t r i b u t i o n  ( F i g .  5)
Soma lia
in
R a s t r e l l i g e r  kanagurt  
l a r g e  scFTools at the su
___ a is often  found
r f a c e .
I n d i a  - west  coast
The most important  econo mic  food f i s h  
of  t h i s  coast  from R a t n a g i r i  in Bombay 
S ta te  to  Q u i l o n  in the  s o u t h ,
Chop r a  ( 1 9 5 1 )  d i v i d e s  the important  
m ac k e r e l  f i s h i n g  areas  on the  west coast 
in t o  f o u r  zones  a c c o r d i n g  to  the d i f f e r e n t  
types o f  boats  and n e t s  employed to s u i t  
the p h y s i c a l  c h a r a c te r s  of  the co a s t- l i n e .  
These  areas  from north  to south are :
( 1 )  Konkan - from R a je ewade  in  the R a t n a ­
g i r i  D i s t r i c t  to the mouth of Terkhol 
c r e e k ;  ( 2 )  North  Can ara  - from M a j a l i  on 
the s o u t h e r n  bo undary  of Goa to Bhatkal  
n ea r  t h e  southernmost  c o a s t a l  l imit  of 
Bombay S t a t e ;  (3 )  South  C a n ar a  - from the 
s o u t h e r n  bo undary  of  Bombay Sta te  to the 
mouth o f  B a l ia p a t am  r i v e r  n e a r  Cannanore ,  
and  ( 4 )  Malab ar  - from Cannanore  in the 
n orth  to  the s o u t h e r n  p a rt  o f  Travan co re .  
The c h i e f  m ackere l  f i s h i n g  cent re s  on the 
west  c o a s t  are - R a t n a g i r i ,  Malvan Kar- 
w a r ,  M a l p e ,  T e l l i c h e r y ,  C a l i c u t  and Cochin .
I n d i a  - e a s t  coast
The n o r t h e r n  l imit  o f  the occurrence 
of  t h i s  s p e c i e s  is  Canja m .  Chopra (1 9 5 1 )  
s t a t e s  that  " e x c e p t  for  the  s po r a d ic  o ccu r ­
rence of  m a c k e r e l ,  th e r e  i s  no r eg u la r  
f i s h e r y  o f  t h i s  f i s h  on the  east  c o a s t " .
C e y 1 on
C o a s t a l  w a t e r s ,  H u l f  of  Mannar and 
t r a w l i n g  gro un ds .
Cambodia
N e ig h b o u r h o o d  of the Bay of Kampong- 
Som, Cone I s l a n d  and K a s k a p i k .
I n d o n e s i a
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T able  VI
Type s  of  f i s h i n g  gear  and  cr aft  
I n d ia
F i s h i n g  are a Type of  boat Type of  net V e r n a c u l a r  name
Ko nkan  a re a
N o r th  C a n ar a  
are a
South  C an rr a  
are a
M a l a b a r  area
P a n d i ; Hodi  - both 
are  p r o v i d e d  with 
an o u t r i g g e r  e q u i p ­
ment
P a n d i ;  Doni - simi- 
Tar T o  above with 
outrigger
Pa ndi  (with  
outr i  gger]
Dugout  canoes
S ho re  seine  
D r i f t  net 
Cast  net
S ho re  seine
D r i f t  net 
C a s t  net
S ho re  sei ne  
D r i f t  net 
Cast  net
S e i n e  net
G i l l i n g  net
Rampan net  
F e t t l e  ba le
EH
i . Ramp an net 
i i . Y e n a i  or Payawada 
Fa tt a  bale
E H
Rampan net  
Fattae* b a l a i  
Deb b a f a i
i .  Odam v a l a > also  
c a l l e d  7 e r u  vala  
and P a i t h u  v a f a ~ 
i i , A i y l a K o l I i  v^ln
A i y l a  ch ala  vala
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coas t  o f  S um atr a .
Jap an
N e i g h b o u r h o o d  of the Ryukyu I s l a n d s .
Phi  l i p p i n e s
The p r i n c i p a l  f i s h i n g  areas  of young 
nnd a d u l t  R, k anngurt  a a r e :  ea s ter n  and 
n o r t h w e s t  Palawa n  and v i c i n i t i e s ;  north- 
cast  P a l a w a n ,  i n c l u d i n g  Cuyo group ;  
s o u t h e r n  Zamboanga and S u l u  A r c h i p e l a g o ;  
\ i s a y a n  S e a ,  and of R. b r a c h y s o m a : Mani la  
Bay ,  Ragay C u l f ,  Southwest  S a m a r , Hstan- 
c i a ,  I l o i l o ,  G ig a n te s  and Ba nt aya n  I s l a n d s ,  
n o r t h e r n  N e g r o s ,  Malampaya Sound and v i c i ­
n i t y ;  P a n ta o  and M a l a k b a l a ,  Albay P r o v i n c e ;  
M e r c e d e s ,  Cam arines  N o r t e .
5 . 2 . 3  Depth ranges
M a c k e r e l  f i s h e r y  is  u s u a l l y  con f in e d  
to i n s h o r e  water s  but  f i s h  have been r e ­
co rded in  the trawl  c a t c h e s  o f f  Bombay and 
S a u r a s h t r a  c o a s t s ,  in November  and Decem­
be r  d u r i n g  the 1961-1962  s e a s o n .  A s u r ­
vey b y R . V .  VARUNA in the M a ngalo r e- C a1i - 
cut zone in February  1962 r e v e a l e d  traces  
of  s h o a l s  in waters  up to 20 m depth but 
not  b e y o n d .
G e n e r a l l y ,  the changes  in  depth at 
which  m acke re l  are caught  depend on the 
nat u r e  of  c o a s t l i n e ,  the t ime or season 
of f i s h i n g  and the type of  n et  oper ate d ,
The depth may vary  from 2 to  12 fathoms 
nr even more .  Mack er el  were  caught  in 
even d e e p e r  waters  o f f  Por b a n d a r  in  trawl  
o p e r a t i o n .  Along the  Ka n ar a  and Konkan 
coast  up to R a t n a g i r i ,  where  the bottom 
of i n s h o r e  waters  is  sandy or  muddy,  the 
shore-sein e-Rampan n et  i s  o p er ate d  in 
2-4 fatho ms  or w i t h i n  a ran ge  of a mile 
and a h a ] f .  D u r in g  the  r a i n y  season a 
s m a l l e r  s h o r e - s e in e  is o p e r a te d  in one 
or two f a t h o m s .  G i l l  n e t s  and  boat- 
s e i n e s  on the  Mala b ar  coa st  in p a r t i c u ­
l a r ,  a r e  not u s u a l l y  o p e r a t e d  so close 
to the  s hore  or in s h a l l o w  w a t e r s .
5 . 3  F i s h i n g  s ea sons
5 . 3 . 1  Ge n er a l  p a t t e r n  of 
f i s h i n g  seas on
The m acke re l  seas on  de pends  on the 
c o n c e n t r a t i o n  o f  s h o a l s  in  i ns hor e  waters  
where  t h e y  are i n t e r c e p t e d  and caug ht .
5 . 3 . 2  D u r a t io n  o f  f i s h i n g  
season
Chidambaram  and Ven katara man  ( 1 9 4 6 )  
s t a t e  t h a t  the I n d i a n  m ac k e r e l  f i s h e r y  on
the  west  coast  of  I n d i a  ext ends  from S e p ­
tem ber  to  A p r i l ,  p r i o r  to  the o u t b r e a k  of 
the  southwest  monsoon.  At Karwar  and 
a lo n g  the Kanara  coa st  as i n d i c a t e d  by 
Pradhan ( 1 9 5 6 )  it  is  from Oct obe r  to 
Feb ru ar y  and may,  at t im es ,  e x te nd  to 
March .  The m ackerel  sh oals  s u b s e q u e n t l y  
b r e a k  up ,  r e s u l t i n g  in  poor ca tch es  in 
A p r i l ,  and p r a c t i c a l l y  d i s a p p e a r  from the  
s hor es  of Karwar  d u r i n g  May.  In the 
r a i n y  s e a s o n ,  June  to  end of  S e p t e m b e r ,  
they  are o c c a s i o n a l l y  caught  in small 
numbers in ins hor e  water s  w i t h i n  a rnnpe 
o f  about h a l f  a m ile  from the s h o r e .
Thus  the du rat ion  of  f i s h i n g  season  may 
vary  from coast  to c o a s t .  On the ' ’pln- 
b a r  c o a s t ,  it  may be 5-7 months and on 
the  Kanara and Konkan coast  up to Rntna- 
g i r i  4-6 months.
5 . 3 . 3  Dates  o f  b e g i n n i n g  
and en d  of season
In d ia
pen k
On the Ma labar  c o a s t ,  the season  b e ­
g i n s  in August-S ep tem be r ,  with a peak in 
November-December and ends in Fe b ru ar y  or 
March .  On the Kan ara  and Konkan c o a s t s ,  
i t  may be gin  some time in O ctobe r  w i t h  n 
peak  in November-December,  c l o s i n g  afirup- 
t l y  in Febru ar y-Marc h. A s eco n d ary  peak 
o f  a short  du r a t io n  was noted towards  tlic 
end  o f  the s e a s o n ,  February-March on the 
wes t  co ast ,
Cambodia
As i n d i c a t e d  by  Durand ( 1 9 4 9 )  the 
m ackerel  appears  on the  coa st  towards  
the end of  October  in the n e i g h b o u r h o o d  
of  the  Bay of Kampong-Som; a month I n t e r  
n e a r  Cone I s l a n d  and K a s k a p i k .  it r e ­
mains  there u n t i l  F e b r u a r y ,  a p e r i o d  whcTi 
the  females  are r ip e  and ready to spa'..T,,
Phi l i p p i n e s  
See T ables  V I I  and  V I I I ,
C e y 1 on
Large  s hoals  of  k a n a g u r t a  n o r n n l l v  
o c c u r  on the west  coas t  ot C e y 1 on where  
t hey  are caught in c o n s i d e r a b l e  numbers  in 
t h e b e a c h  s ei ne  in the  November- Feb rua rv 
p e r i o d ,  and on the  e a s t  coast  almost 
t h r ou ghou t  the y e a r ,  w i t h  peaks  in  Sentem- 
b e r  and D ec em b er - A p r i1.  Catch es  o f  the 
i n s h o r e  s p e c i e s  are h i g h e s t  on the  south 
c o a s t  in  the  De cem ber-February p e r i o d .
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Table VII
P r i n c i p a l  f i s h i n g  areas and s ea sons  of  the 
young and adult  "h a s a - h a s a "  ( R .  brachysoma)  
(P h i  1i p p i n e s )




M a n i l a  Bay Throu ghou t  the year ’^ay to December
Ragay Gul f March to September December  to  Mny
S o u th w e s te r n  Samar November  to  .January Feb ru ar y  to ‘^ay
E s t a n c i  a I lo i l o March to  June May to October
C i g a n t e s  and Bantayan I s lan d s March to  May A p r i l  to October
N o r t h e r n  Negros May to  June June to August
Malampaya Sound and v i c i n i t y A p r i l  t o  May May to September
P a n ta o  and M a l ak b al a ,  
A lb ay  Province Apri  1 O c t o b e r  to '•i.-y
M e r c e d e s ,  Camarines  Norte 'lay to Septeriber
Table V I I I
P r i n c i p a l  f i s h i n g  areas  and s ea sons  of th- 
a d u lt  "alaniahan"  CR« k a n a g u r t a ) 
( P h i l i p p i n e s )
F i s h i n g  areas F i s h i n g  sea son
E a s t e r n  and n o r t h w e s t e r n  Palawan and v i c i n i t i e s  
N o r t h e a s t e r n  P a l a w a n ,  i n c l u d i n g  Cuyo group 
S o u t h e r n  Zamboanga and Sul u  A r c h i p e l a g o  
V i s a y a n  .Sea
December  t o  June 
Apri 1 to Novem’^ er 
December  t o  May 
Ap r i l  to O ctobe r
5 : 6 FIb/529 Rastrelliger
5 .3 .4  Variation in time or 
duration of fishing 
season
In some years the season was very 
short, lasting for 3-4 months,
5 .3 .5  Factors affecting 
fishing season
The monthly total catch of mackerel 
appears to be more influenced or governed 
in Karwar (Pradhan 1956), by the dominant 
size-class or classes, than by the actual 
number or pieces of Rampan net in opera­
tion during the month. In other words, 
the frequency of appearance of mackerel 
shoals in inshore waters and probably 
the size of a shoal itself , appear to be 
related in some unknown manner to the 
doriinant size-class of the month or 
seas on.
The following points are noteworthy 





High mortality of eggs 
Removal of potential spawners 
and the consequent effect on 
recruitment
Scarcity of edible forms of 
planktonic organisms which con­
stitute the major food elements 
of mackerel
Hydrographic factors such as 
temperature of sea water, 
salinity, pH, etc.
e) Movement of mackerel of 'Jifferent 
size groups in inshore waters has 
been found to be in direct rela­
tion to hydrographic factors. 
Small size groups (12-16 cm) are 
usually abundant in the period 
of low salinity and temperature 
CJuly-September) whereas spawning 
fish can adapt themselves to 
high temperature and salinity.
5 .4 Fishing operations and results
5 .4 .3  Catches
Particulars of total annual yield 
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SYN O PSES O F  F ISH ER IES B IO L O G IC A L  D A TA
This is one of a series of documents issued by FAO and CSIRO concerning species 
and stocks of aquatic organisms of present or potential economic interest. The primary 
purpose of the series is to make existing information readily available to fishery scientists 
according to a standard pattern, and by so doing also to draw attention to gaps in knowl­
edge. It is hoped that synopses in the series will be useful to other scientists initiating 
investigations of the species concerned or of related ones, as a means of exchange of 
knowledge among those already working on the species, and as the basis for comparative 
study of fisheries resources. They will be brought up to date from time to time, as 
further information becomes available. It Is, therefore, recommended that they be filed 
in loose-leaf folders; pagination begins anew with each chapter, so that partial revisions 
may be made.
The relevant series of documents are:
FA O  Fisheries Synopsis No. FIb/S
(replacing, as from 1.1.63
FAO Fisheries Biology Synopsis No. PB/S)
and
CSIR O  Fisheries Synopsis No. DFO/S
Synopses in these series present data compiled according to a standard outline described 
in FB/SI (1962). Steps are being taken to form an advisory association comprising repre­
sentatives of the participating organizations, authors of synopses and other collaborators.
FAO and CSIRO are working to secure the co-operaticn of other organizations and 
of individual scientists In drafting synopses on species about which they have special knowl­
edge, and welcome offers of help in this task. Additions and corrections to synopses 
already issued will also be most welcome. Comments Including suggestions for the ex­
pansion of the outline and requests for information should be addressed to the co-ordinator 
of this work and editor of the FAO series.
Horacio Rosa, jr^
Fisheries Divis^n, Biology Branch 
Food and Agriculture Organization 
of the United Nations
Via delle Terme di Caracalla 
Rome, Italy
Consolidated lists of species or groups covered by synopses Issued to date or in 
preparation will be Issued from time to time. Requests for copies of synopses should 
be addressed to the issuing organization.
The following synopses In this series have been issued since January 1963:
Flb/S24 Synopsis of biological data on European Grayling Thymaflus
(Kev. 1) thymallus (Linnaeus) 1758 March 1964
FB/S25 Synopsis of biological data on hilsa Hilsa ilisha (Hamilton)
1822 January 1963
Fib/S26 Synopsis of biological data on anchovy £ngrou//s jencras/co/us
(Linnaeus) 1758 (Provisional version) February 1963
Flb/S27 Synopsis of biological data on sprat Sprattus sprattus
(Linnaeus) 1758 (Provisional version) February 1963
DFO/S1 Synopsis of biological data on the grey mullet Mug/7 cephalus
(Linnaeus) 1758 June 1963
Flb/S28 Synopsis of biological data on pike-perch Lucioperca lucioperca
(Linnaeus) 1758 March 1964
Flb/S29 Synopsis of biological data on Indian mackerel Rastrelliger 
kanagurta (Cuvier) and short bodied mackerel Rastrelliger 
brachysoma (Sleeker) 1851 January 1965
